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The Titles ofthe feveral TRACTS.
I. A N j^TTEMPT to prove the Annual MOTION of the EAKtll^
X\ hy Obfervathns made with accurste Injiruments : wherein is (hetvn the

Impoffibility ofdoing it^ by the moji exaQ Injiruments and tpjyj uj'ed by pre-

ceding Afironomers, Ihe Infirumenm and method ufcd in thefe Obfervaii-

ons : way of feeing the fixed Stars in the Day time and a ntn> Hyf<h
' thefu forfolving the motions of the Heavenly Bodies ii hinted,

\\. ANIMAVVEKS ION S onthe Machina CoelelHs of Mr. Hcrc-

lius, wherein U deteUed the imperfeQion of Ajlronomical Injhttments hitherto

ufedj and divers ways of reforming and perfeCiingthofe and feveral other h'
fhnmentr are explained and defcribed. Andfeveral other new Inventions are

added and explained^Of partitHlarlyWater-Lex'els : The Circular Pendulum,

the Perfedionof Wlnel-work^for Clocks and IVstches^ &c. together with

ihttrufes^ and the great advantage of tlyefe above otho" Inventions of tht hh^

nature,

in. A DESCRIPTION of Heliofcopes with other Infimments,

fVherein are Vifcovered and Vefcribedt Jeveral new ways of makjng Glajfes

to lookjtpon the "Body ofthe Sun without offence to the Obferuers Eye, 2. A
Jhortning Kefledive and Refradive Telefcope, 3 . A way of ufing aGlafs of

any length without moving the Tube, 4. An Injirumcntfor taking the D»-

ameter of the Sun, Moon and Planets, or otherfmaU Vijiances in ihe Heai'en^

to the certainty of a Second. 5. An I/ifirument for defcribing aU manner of

Vials by the Tangent Prcjedion, 6, The ufes of the fard Injlrumtnty

Firf},foradjufting the Hand ofa Clocks, fo as to maksM ftove in tlx fhadow

ofa Vial, whofe Stile is parallel to the Axis : Or, Secondly, in tht Azimuth

ofany Celejlial Body, that is, in the fhadow of an upright, or any ether wsy

i/icliniag fiyle, upon any plain. Thirdly, formating a handmove according

to the true Equation of Time, Fourthly,for miking all manner ofEViptical

Vials, in Mr, Foftcr's way, &c. Fifthly, for communicating a circular

motion in a Curve Line^ without any (hakjng : And for clivers other excel-

lent purpofcs. To which U added an Obfcrvstion oftht Eclipfe^ tf the Moon^

Jan. I. 16'j ',, And a Pofifeript concerning tht Invention of regulating

Watchts, by Springs applyed to their Balances : together with a Vecadt af

other ufefitl Inventions, part difcovertd^ part dtfcribtd in Anagrams,

IV. LAM^



The Titles ofthe feveralTRACTS.
IV. L A M? A trr Vefcriptiors offame Meciyjnical Improziemcfiti ofLampi

and ir^ter-poijes^ tvith other Thyfical and Mechanical Dijcoverifj. fVbtrein

are difcovcred befides the n>ays of ohutifig the inconvtniencies ofnthcr ofitri-

voMces of Lampf^ Eight fmral ws^iof making Lamfjfa^ m to reflate ihe

fljme of tbem for various ufcs : Jez'eral of which are therein mentioned and

explained: Befides rphich, various vonys and ufes are defcrihed ofpyyfwg

liquors^ by tbe by^feveral Theor'us and Explications are inferted^ particularly

about Flame and Burnings about Lights Colour^Grai'ity^ LocalM tion^PreJ-

ftire of Fluids^ &c. m Aufver to fame Objcdions of Vr. More, againjl

form former Vtfcmrfes publifhed^ the Author. To tbefe are added the

Vefcription of a new fort of Clcpfydra or IViter-Clock^ 2. A nerv Frin-

ciplefor regulating Fock^ ffatcbes. 3. Sei'eral Microfcopical Obfervatmf

ahoHt the Seeds^ of Moffe^ Mnffjrooms, all k^ftds of Ferns, fraO-Rue^ Harts.

Tonf^ucy Ofmtind Royal, &c. ^ An Obfervation offfots in the Sun

.

V. C O M E T A, c9Mtaining Obfervatimf on the Comet in April, 1677.
Alfofr theyears \(>e>\, 1605. >>/r <^nnitopncr wrcnV Hypothecs and
Geometrical Froblcm about thoje Cmetf. A Vijcourfe cmcernbig^ th7
Cfltvet, 1677.

Mr. BoylV Obfirvatitn made on trvo new Phofphori <f Mr. Baldwin, and
A/r. Craft.

Mr. GalletV Letter 10 Mr. CatVini, together tpith Ini Obfervation of ^ fub 3.
A/r. CalliniV Rcfitdions upon thoje of (Ja\[Cl^(^us and Hcvc\iu% andupoutbii.

Mr. mwfs Letter and Utfjervatioii oj ti>e J.vve maac ^t ^ Hdcng.
Mr. CailmiV Obfervation ofthe Diurnal motion of , and othiVcljanges hap-

per.tr.i in it.

M IC K.OSC OPIUM, containing Mr. LccuvvcTihoccks two Letters

concerning fome late Microfcopical Difeozferier,

'tin Author*f Difconrfe and Defcription of Mtcrflfcopes, improved for difcerning

the nature and texture ofBodies.

P. Cherubincs Accitfations Anfwered.

Mr. YongcV Letter containingfeveral Anatomical Obfervations.

VI. LECTURES dc Potcntia Rc(Htut»va or o/Spring, Explaining the

Power ofSpringing Bodies. To which are addedfame Ctlleilions, viz.

A Dcfcr'iption of "Dr. Pappins IFind-Fountain and Force-Pump.
jvir. long'sUlfjervatronconcernptgaatnrat tountains.

Same other Confiderations concerning that SubjeCl.

Capt. SturmyV Remarks ofa Subterrancnu Cane and
A/r.G. T. bii Obfervattons made on the Pike g/Tcneiitf, Anno l6j^
Some RefkdHms and Cofje&mti occaftMtd thereupoH^
A Relation ofa late Eruption in the Jfle of Palma.
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TO THE

TRULY HONORABLE

Sir John Cutler
KNIGHT and BARONET,

My Worthy

PATRON.
— •

SIR,
Mong fevcral Eminent Marks

of your Grcatnefs of Mind
Tor promoting the Publick

Good^ that of your Bounty

for the Advancement of Ex-

perimental and Real Knowledge^ by the

Founding a Phyjico-Mechanical Le&nre
^ ^

A 2 deferves
,



The Efijlle Dedicatory.

deferves to be Recorded as One , and more

efpccially by me whom you have honoured

by eftablifhing your firft Le&urer. As an

Earneft of others more confiderable fliortly

to follow, 1 here prefent you with one of

my Difcourfes in that Employment, which

though fhort and plain , conteins fbmcwhat

of Information which the Learned have hi-

therto dcfired, though almoft with defpair.

As I hope their kind Acceptance will pro-

duce their thanks to you to w^hom t hey are

juftly due, fb your Acceptance will incou-

rage me in the further profecution of thefe

Inquiries to approve my ftlf.

Noble Sir^

From Grejham Colledge^

March 25. 1^74.

^fff^
Tour mofl obliged^ and

mil bumble Servant

Robert Hooke.



R E A D E E,

I
Have formerIj in the Preface of my Micrographia

^/z;w Wor^an account of the founding a Hhy-

fico-Mechanical LcSurc w the Tear \66^^by

9ir John Curler,/^/" thepromoting the Hiflor^ ofNa-

ture and ofArtJn profecution thereofI have colUtud many

Obfervatiom both cf the one and the other kind , and from

time to time (06 obliged) I have acquainted the Royal

Society at their PublicKMeetings^ both ^/Greflijm Col-

Icdge and Arundel Houfe therewith^ ly Difcourfts and

Lefturcs thereupon.

Now in order to the further promoting the End ari^ De-

fign cf thi^ l^c&nrc^ I have complyed^ mtb the defire of

feveral ofmy Friends (though otherwife not thereunto obli-

ged) to commit divers of thofe Difcourfes to the PublcKt

though of themfclves for the imfl part incompleat^ and £f-

faycs or Attempts only upon feveral Subje£is which have

no dependcncie or coherencie one with another* In the do^

ing hereof^ I defign to avoid any kindof Method or Order

that maj require Apologies^ Prefaces^ or needlefl Repetitions

ofwhat PS already kjiown^ or might have beenfaid upon that

Occafion^ or may neceffitate me to follow this or that SubjeSi^

that doth net fome way or other ofer it felf as it were^ and

prompt



To die Reader.

prompt me to the confiJeraim thereof. But hecaufc thg

may poffiblj ndmit offom better order hereafter^ I defigi

to print them all of the [me Volume^ that fo they maj be^'

rvhen ranged^ either ftitched or bound together^ andriiaj^oi

occafion requiresjbe referred to under the Title of their Num-

ber and Page. This wajlchufe oi the befl for promoting

the Defign ofthis Leaurc;/cir fhre i^fcarce oneSubjeH

of mdlionsthat may be pitched upon ^ but to write anexaSl

and compkat Hijlory thereof muld require the whole time

and attention ofa mans life ^ and fome tboufanJs ^ Inven^

tions and Obfervations to accomplifh it: So on the other fide

no man is able to fay that he xoill compleat ths6 or that Fn-

quiry, whatever h be^ (The greateflpart of Invention fe*

ingbut a luckey hitt of chance, for the moH part not m our

cm power^ and liks the wind^ the Spirit of Invention blow*

eth where and when it Hflcth, and we fcarce know whence

it came, or whether Yis gone.) 'Twill be much better^there-

fore to imbrace ike influences of Providtnce^'-and to be dili*

gent in the inquiry cf every thing we meet with. For wt

Jhall quickly find that the number of conffderable Obfert>a-

tions and Inventions this way collelied^ will a hundredfold

out'flrip thofe that are found by Deflgn. . Nonianbut^xth

fome luck^ hitts and ufeful thoughts on ihh or that SubjeS

Be h converfant about^ the regarding andcommunicating of

which, migljt be ^a means to other Per/ons highly to improve

them. If^hence 'twere rrkicb tb be mfhed^ that others muld

takf thii Method in their Publications, and not torment

their Readers withfuch naufeows Repctit,ons.andfrivohtt^

Apologies^



To the Reader.

Afoh^ifs^ 06 MethoJ endVolumes Jo neceffitate ihcm to \ But

vouU rather inrich theStore-houfe ofArt anJ Nature with

choice and excellentSeed^fnedfrom tbcChafandDrofs thn

do othervrfe bury and corrupt it.

The communicating fuch happjThoughts andOccurrences

need not much take up a mam time to fit it for the Preji
;

the Relation beingfo much the better the plainer it is. And

matter of FaSl being theIfernelRezders generally Jefire(at

ieafi in thefe Suljeiis) n will be fo much the readier for ufe

if it befreed from the thick and hardfhellof Impertinences.

Zbh way alfo k more grateful both to the Wrirer and the

Reader, who proceed with a frejh fiomach upon variety
,

but would be weary and dull'd if neceffitatcd to dwell too

long upon one SubjeSi. There are other conveniencies alfo

in this Method ofCormnunicaticn not lefl confiderable then

the former^ amongfi the refi the fecuring of Inventions to

their firfl Authors^ which Yt6 hardly poffible to do by any c-

tber means] for there are a fort of Perfbns^ that make it their

bufmefi to'pump and
fj>y

out others Inventions^ that they may

vend them to Traders of that kind^ who thinkthey do tnge-

nuoufhf to print them for their own^ fwce they have bjigbt

andpaidfor them. Of this there have lately been fome In-

fiances^ andmore may be eitpeSled^ if this waj prevent not.

When things cannot be well explained by words only

(which is frequent in Mzihcmzticzl Mechanical Dif.

courfes) / adde Schemes and delineations Vefcriptions of

that kind being eafier to he made and underffood. As

near 06 1 can I omit the repeating things already printed^

and

'



To ihc Reader.

andindcavour toddmrfuch
a. are '^f^r'^"^

Ibave begun mth a Difcourfe corn^fc^ and read m

Gre(h mcfuedge .ntheTear «^70.
/j^^

have printed it, but diverteJ 5; the advice of fome

FJkZ fia ibe repeating the Obfervatlon. rather then

Zmlt Lithe E.periencecfor>erearonly. Butfindj

{iTsi knef^ hath hitherto hindered n.e from repeatrj e

rmh and thai fame Tears Obfervatwns have already been

Zm then dJin n for a better compUattng bop^ n

ma, be at kaji a Bnt to others to profecute and compkat

the Obfervation,M Imuch long for.

7i« firft
Difcourfe « i^pon an Obfervation *f^fl

and mphereforebe properly r^erredto that Hea^^^^^

it contein alfo fome^hat of the Inprovement of Art. m
fcconJIPeeddy to filler., mil more properly be reerrableto

Cfiil Improvements ,
though it mil contem a^o ma-

ny Obfcrvations of
-

Nature ; and I deftgn almyes to make

Im follow, each other by turns, and a. ^tmre tomtermave

them bang apart but like the Warf or Woof ^ore cortex-

tl unfit IhertoCloth, or akrn the Body of Phdo-

fophy.

A N
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A N

ATTEMPT
To prove the Motion of the

EARTH
B Y

OBSERVATIONS.
Heihcr the Earth move or (land ftill hath

beenaProb'cm, that fince Coptrnicm revi-

ved it, hath much exerdfcd the Wit3 of our

bcfl modernA(Ironomers and Philofophers,

amongft which notwith/landing there hath

not been any one who hach found out a cer-

tain manife(tation either of the one or the

other Dodrine. The more knowing and
judicious have for many plauiibic reafons adhered to the Uperni'

^Hypothefis: But the generality of others, either out of ig-

'norance or prejudice, have reje6ed it as a moft extravagant o-

pinioo. To thofe indeed who underftand not the^rounds and

principles of Aftronomy, the prejudice of comm:^ converfc

B doth



(2)

doth make it fcem fo abfurd, that a man Aall asfoon perfAadc

them that the Sun doth not fliine, as that it doih not uK>ve ; and

zs eafily move the Ear: h as make them beli^ ve tlwt it do*s fo al-

ready. For fuchPerfons I cannot fuppofe that chey fliould uoder-

ftand [he cogency of the Reafons here prcfcnted , drawn from

ihcfollowingobfervarionsof Taralldx, mwch lefs therefore can

lexpeA their belief and aflfent thercuntoito them I have only this

to fay, 'Tis not here my bufinefs to inftruft them in the firft prin-

ciples of Aftronomy, there being already Introdudiionseno gh

for that purpofe ; But rather to fiirnifli the Learned with an ex-

ferimentum crutis to detenninc between thtTychonick and Coperni-

CM Hypothefes. That which hatli hitherto continued the difpure

bath been the plaufiblenefs of fome Arguments alledged by the

one and the other party, with fuch uho have betn by nature

or education prejudiced to this or that way. For to one that

bath been converfant only with illiterate perfons, or fuch as

underhand not the principles of Aftronomy and Geometry, and

have had no true notion of the vafbnefs of cheCInivcrre,and the ex-

ceeding mi nutencr> oftheGlobc of the Earth in comparifon there-

with, who have confined i heir imaginations & fancies only with-

in the compafs and pale of their own wal k and profpe^jW-ho can

fcarce imagine that the Earth is globous, but rather like fomc

of old, imagine it to bea round plain covered with the Sky as

witha Hemifphere, and the f un, Moon, andStar« to be holes

through it by which the Light of Heaven comes down; that

fuppofe themfclves in the center of this plain , and that the Sky
doth touch that plain round the edges, fupported in part by the

Mountains *, that fuppofe the Sun as big as a Sieve,and the Moon
as a Chfdder Cheefe, and hardly a mile off. Tliat wonder why
the Sun,Moon,and Stars do not fall down hke Hail-ftones , and

that will be many r'd rather then grant that there maybe Anti-

podes,believingitabfolutelv impofrible,fince they muft neceJa-

rily fall down into the Abyf> below them: For how can they go
with their feet towards ours,and their heads down\vards,with-

ouLmaking their brains addle. To one I rdy,thus prejudiced with

thcfeanda ihoufand other fancies and opinions more ridiculous

and abfurd to knowing men, who can ever imagine that the uni-

formity and harmony of the Ceieftial bodies and motions,(hould

be an Argument prevalent to pcrfwade that the Earth nx>ves a-

bouctheSun; Whereas that Hypothecs which flie\vs how to

falve



C3)
falve the appearances by thcreit of the Earth and the motion of
the Heavens, feenis generally fo plaufible that none of thefe can
relift it*

Now though it may belaid, 'Tis nor only thofe but great
Geometricians, Adronomers and Phi lofophcrs have alfo adhe-
red to chat fide, yet generally the reafon is the very fame. For
nioft of thofe, when young, have been imbued with principles
asgrofsand rude as thofe of the Vulgar, efpecially as to the
frame and fabrick of the World, which leave fo deep an im-
prefilon upon the fancy,that they are not without great pain and
trouble obliterated : Others, as a further confirmation in their

childifli opinion, have been inftruded in the Ftolomaick or 2/-

*^<?WffSyft«m,andby the Authority of their Tutors, over-awed
into a belief, if not a veneration thereof ; Whence for the moft
part fuch perfons will not indure to hear Arguments againft it,

and if they do, *tis only to find Anfwers to confute them.

On the other fide, fome out of a contradifling nature to their

Tutors s others,by as great a prejudice of inftirution ; and fome
few others upon better reafbned grounds ^rom the proportion

and harmony of the World, cannot but imbrace the Cofernican

Arguments, asdemonftrationi that the Earth moves, and that

the Sun and Stars ftand ftili.

I confcfs there is fomewhat of reafon on both fides, but there

isalfofomethingof prejudice even on that fide that feems the

rooft rational. For by way of objcflion, what way of dc-

monftration have we that the frame and conftitution of the

World is fo harmonious according to our notion of its harmo-

ny, as we fuppofe f Is there not a pofiibility that the things may
be otherwife ? nay, is there not foirethingof probabilitvj? may
not theSun move as ticho fuppofes, and the Planets make their

Revolutions about it whiUt the Earth ftands ftill, and by its

magnetifm art rafts the Sun, and fo keeps him moving about ir,

whilft at the fame time 5 and 9 move about the Sun, after the

fame manner as b and V move about the Sun whilft the Satellites

move about them ^ efpecially fince it is not demonflrated with-

out much art and difficulty, and faking many things for granted

which are hard to be proved, that there is any body in the U-
niverfe more confiderable then the Earth we tread on. Is there

not much reafon for the Hypothefis ofTfch at leafl, when he

withal! the accuratcnefs that he arrived to with his vaft Inftru-

> B 2 mcnts
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incnts,or E/rf/o//, who pretends much to out-ftrip hmi , were

Rot able to find any fcnfib'.e Parallax of the Earths Orb •among

the fixt Stars-, efp'ecially if the obfcrvat ions upon which they

ground their aflertions , were made to theaccuratenefs of fome

few Seconds^ What then, though we have a Chimera or Idea

of perfe6ionand harmony in that Hyporhcfis we pitch upon ,

may there not be a much greater harmony and proportion in the

conftitution it ftrif which we know not, though it be quite

differing from vvliat we fancy / Probable Arguments might thus

have been urged both on the'one and the other fide to the Worlds

end ; but there never was nor could have been any determina-

tion of the Controvcrfic, without fome poficive obfenrationfbr

detenu ining whether there were a Parallax or no of the Orb of

Che Eavtii ; This Ticho and Rwfw»// affirm in the Negative, that

there is none at all ; But I do affirm there is no one that can eiihcr

prove that there is, or that thete is hot any Parallax of that Orb

amongfl the fixt Stars from the Suppclicx of obfervatioosyet

made either by TiV^tf, KiccioU, or any other Writer that I have

ytt met with from the beginning of writing to this day. For

all Obfervators having hitherto made ufc of the naked eye for

determining theexaft place of theobjeO, and the eye beingun-

abletodiftinguifli any angle lefs then a minute, and an obfer-

vationrequifite to determine this requiring a much greater ex-

a^ncfs then to a minute, it doth necefiarily follow that this

exfertmentuyH crucis \vas not in their po^vcr, whatever either

Ttcho or Kktioli have faid to the contrary , and would thence

overthrow the tcfernicMn Syftem, and eftablifli their own. We
are not therefore wholly to acquiefs in their determination,

fince if we examine more nicely into the oblervations made

by them
,

together with their Inftrumenrs and wayes of ufiog

them, we fliall find that their performances thereby were far

othcrwife then what they would feem to make us believe. The
Controverfie therefore notwiihflanding all that hath been faid

cither by the one or by the other Party, remains yet undeter-

mined. Whether the Earth move above the 9un, ortheSun about

the Earth ; and all the Arguments alledged cither on this or that

fide, are but probabilities at bcfV, and admit not of a neceifa-

ry arid poficive conclufion. Nor is there indeed any other

means left for humane induftry to determine ir, fave this one

which I have eiideavourcd to make 5 and the unrqueftioriablc

- certainty



(xrUimy thereof isainoft undenyabic Argmrentof the truth of

the Ccpirnicin Syfteme ; and the want thereof hath been the

principai Argument that hath hitherto foniewhat dcta'md nie

fromdeclaringabfolutely for that Hypothefis, for though it

doth in every particular alnroft feem te folve the appearances

moreoaturally and eafi'y , and to afTbrd an exceeding liannoni-

ou8 conftitution of the great bodies^ of the World compared

one vvith another, as to thrir magnitudes, motions, and di-

fiances, yet this objection was ahvayes very plaiifible to nioft

men, that it is affirmed by fuch as have N-rritten more particular-

ly of this fubje^^, that there ne\'er was any fenfiWe Parallax dif-

covered by the beft obftrvations of thf$ Ptippofed annual mo-
tion of the £arth about the Surt as it^ center, -Hic>t?gb woted in

an Orb whofb Dian^eter is by t^e greateft rtumber of Aftroito-

mers reckoned betvveen ti and htmditd t>Tameters t)t''t1it

fearth : Though Pome others make it between 3 and 4 thej'tjfind ;

others between 7 and S.5 and others between 14 arid r^t'hou-

fands ; and If am apt to believe it may be yet much tiiot^ each

Diameter of the Earth being ru|*)pored ro be between 7 and. 8

thoufand Englifli miles , and confecijnetitly the whole being re-

duced into miles, if we reckon with themofl, amounting to 1 20

fdillionsof Englifh miles. It cannot, I confefs, but feem ve-

ry uncouth and ftrange to fiich as have been ufed to confine the

World with lefsdimenfiofis, that this annual Orb of the Earth

of fo vaft a magnitude,lhoOld have no ferrlible Parallax amongft:

the fixt Stars, and thcrelfore 'twas in vain to indeavour to an-

fWcr that objefi ion. For it isunreafonable toexpeft that the

fancies of mOft menfliouldbefo farftreined beyond their nar-

row dimenfions, as to make them believe the extent of the Uni-

verfc fo immenfly great as they muft have granted it to be, fap-

pofing no Parallax couid have been fbund.

TThe Inquificive Jifuit 'Riccioli has taken g^Tat pains by 77
Arguments to overthrow the Coftrnian Hypothefis , and is

therein To earneft and zealous, that though oiherwife a very

learned man and good Afhronomer, he fceitis to believe his own
Arguu)eots ; but all his other 76 Arguments might have been

fparedas tomoft men, if upon nf^aking obfervarions as I have

done, he could have proved there had been no fenfible Paral-

lax this way difcoverabl^, aslbciievethis one IHfcovery will

aniwcr them, and 77 more, if fo many can be thought of and
produced
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produced again/1: ir. Though yet I confcfs had I failed in difco-

veringa Parallax this way, as to my own thoughts and pcrfwa-

fion, theahiioflinfinijeextenrionof thellniverfehad not tome
fceiii'd altogether fo great an abfurdity to be believed as the

Generality do efteem it • for fincc 'tis confelTedly granted on all

hands the diftance of the fixt Stars is luecrly hypothetical, and

not founded on any other ground or reafon but fancy and fuppo'

fition, and [hat there never was hithejrto any Parallax obfcrved,

nor any other confiderable Argument to prove the diftances fup-

pofed by fjch as have been moft curious and inquifitive in that

particular,! fee no Argument drawn from the nature of the thing

chat can have any neccCTary force in it tfi determine that the (aid

diltance cannot be more then this or that , whatever ic be that is

afllgned. For the fame God that did make this World that we
would thus limit and bound, could as eafily make ic millions of
millions of times bigger, as of that quantity we imagine ; and

all the other appearances except this of Parallax would be the

very fame that now they are. To me indeed the Univcrfe feems

,

to be vaftly bigger then *tis hitherto afferted by any Writer,
when I confider the many differing magnitudes of the fixt Stars,

and the continual increafe of their number according as they

are looked after with better and longer Telefcopes. And could

we certainly determine and meafurc their Diameters , and di-

ftinguidi what part of their -appearing magnitude were to be at-

tributed to their bulk, and what to their brightnefs, I am apt

tobeiieve welhouldmake another diftribution of their n^agni-

tudes, then what is already made by Ftolom^ , T/chi

,

Kepler, Bayer
^
CUviw^ GrienbergerM^ Fiff, Hevelius and o-

thers.

For fuppofing all the fixt Stars as fo many Suns, and
each of them to have a Sphere of afiivity or' expanfion pro-

portionate to their folidity and a6ivity , and a bigger and
brighter bodied Star to have a proportionate bigger fpace

or expanfion belonging to it , we fljould from the knowledge

of their Diameters and brightnefles be better able to judge

of their diftances, and confequeatly aflign divers of them

other magnitudes then tbofc already ftated ; Efpecially fince

we now find by obfcrvations , liiat of thofe which are ac-

counted fingle Stars , divers prove a congeries of many Stars,

though from their neajr aj^pjafing to each other , the na-
^

'
' *

' ked



ked eye cannot diftinguifh theni; Such as ihofe Stars which
are called Nebulcns^ and thofe in Or/e;? Sword, and that in

the head of Aries ^ and a nuiltitude of others ihcTeltfcope

doth now dete6^ And poflibly we maj find ihac x\\ott

twenty magnitudes of Stars now difcovcrtd by a fifften

foot Glafs, may be found to increafe the magnitude of the

Semidiametcr of the vtfible World
,

fourty times bigger then

the Ccpernicans now fuppofe ic between the Sun and the

fixt Stars, and confcqucndy fixty four thoufand times in

bulk. And if a Telefcope of double or treb e the good-

nefs of one of fi^cen fhould difcover double or treble the

faid number of magnitudes, would ic noi be an Argnmtnc
of doubling or trebling the fonner Diameter, and of in-

creafing the bulk eight or twenty feven times, Efpcciaily if

their apparent Diameters (hail be found reciprocal ^o their Di-

llances (for the determination of which 1 did make fome ob-

fcrvations, and defign tocompleat with what fpeed I am able.")

But to digrefs no Further, This grand objc6ion of the Anti-

copermcAnSy which to moft men fe'em'd fo plauHble, that it as

in vain tooppofcit, though, I fay, it kept me frcm declaring

abfoliKely for the r^>^frii/fii/; Hypothefis, yet I never found any

abfurditv. or impofTibility that followed thereupon: And I

alwayes fufpedled that though fome great Afironomers had af-

fcrted that there was no Parallax to be found by their obfervati-

ons, though made with great accuratenefs, there might yet be

a poflibility that they might be miftakens which made me al-

wayes look upon ic as an inquiry well worth examining: firfl-,

Whether the wayes they had already attempted were not fubjeft

andlyable to great errors and uncertainties: and fecondly

,

Whether there might not be forae other wayes found out which

ihould be free from all the exceptions the former were incum-

bred with, and be fo far advanced beyond the former in cer-

tainty and accuratenefs, as that from the diligent and curious

ufe thereof, not only all the ob;c6 ions againft the fonner might

be removed, but all other whatfocver that were material to

prove the incffedualnefs thereof for this purpofe.

J began therefore firft to examine into the matter as it bad al-

ready been performed by thofe w ho had aiTened nofenfible Pa«»

rallaxof the annual Orb of the Earth, and quickly found that

(whatever they aflTerted) they could never determine whether

there



there were any or no ParalUx of this annual Orb; efpecial!; if

it were lefs then a minute, which Kepler and Kicctoli hypotheti-

ca'ly affinn if to be ; The former nuking it about twenty four

Si concU, and tl c latter about ten. For though ticho^ a man
of unqueihonable truth in his alTertions , affirm it pofTible to

obferve with large J nftruaients, conveniently mounted and fur^

nifl)ed wit'o fights contrived by himfelf ( and now the common
ones for A(tronomical Inftrumcnts^ to the accuratenefs of toi

Seconds; and though RiccioU and his ingenious and accurate

Companion Gr/Vw^/i/ affirm it poffible to make obfervat ions by
their way, with the naked edge to the accuratenefs of five Se-

conds ; Yet K^/^r did affirm, and that judly, that 'twas im-
poQlble to be fure to a lefs Angle then 12 Seconds; And I

frommy own experience do find it exceeding difficult by any
of the common fights yet ufcd to be fure to a minute. I quickly
concluded therefore that all their endeavours muft have hitherto

been inefieftual to this purpofe, and that they had not been lefs

impofed onthemfelves,. then they had deceived others by their

miflakenobfcrvaiions. And this uiiftake I found proceeded
fi om divers inconveniencies their wayes of obfervations w^re
lyableto. As firft from the (hr inking and ftretchingof the mate-
rials w herewith their Inftrumcnrs were made, I conceive a much
greater ang'c then that of a minute may be miftaken in taking an
altitude of fifty Degrees. For if the Inftruments be made of
Wood, 'tis manifeft that moyft weather will make the frame
ftretch, anidry weather will make it (brink a much greater
quantity then to vary a minute : and if it be Metal , -unlcfsitbc

provided for in the fabrick of the Inftrumenr accordingly, the
heat of Summer , when the Suncmer obfervations are to be made,
will make the QiJadi-ant fwell, and the cold of Winter will make
it flirink much more then to vary a minute; Both which incon-
vtniencies ouglit to be removed. Next the bending and warp-
ingof an Inftrumentby its ow^n weight, will makeavery con-
fidcrable aUeration. And thirdly, the common way of Divifi-

on is alfo lyable to many inconvcnientnes : And 'tis hardly pof-
fible toafcerrain all thcfubdivifions of Degrees into minutet
for the whole Quadrant, though that be not altogether impof-
fible. But I will fappofe that they did forefee, and in fome
manner prevent al I thefe inconveniencies, efpecially Ticho and
Eitcioliy who fcem to have been aware thereof. But there was
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one inconvenience which was worfe then all the reft, which
they fcem not to have been fufficiently fenfible of, from whence
proceeded all their own mi/bkes, and their iinpofiog npon o-
thers, and that \\as from their opinion that the fight of the
naked eye was able to diftinguilTi the pans of the
objeftas minutely as the limb of the Quadrant (of what
largenefs fjcver; was capable of Divifior s ; \^ hereas *cis hard-
ly poOible for any unarmed eye well to diftinguiflj any Angle
much fmaller then that of a minute : and where two ob;e6s are
not farther diftant then a minute, if they are bright objeds,
thty coalefs and appear one, though 1 conftfs , if they be
dark obje^s, and a light be interpofed, the diftance between
them fljdil Le vifible, though really muchlcfs then a Second ;

and yeft notw jrhftanding, my firft aflertion ftands good; for
though a bright ob;e6,as a candle or light at a difrance.oraStar,
or the like,can be fcen by the cye,though its body do really not
fubcend an Angle of one third

, yet it proceeds from a radiation
(that iS,from reflexion and rcfrad>ion together) in the air and in
thee>c,whercby the body thereof is reprefented to thenaked
eye fome hundred times bigger then it really is. That this is
r>, any one that will but carefully examine will find it true.

It was, I doubt nor, their extraordinary defire and care to
be exa^, that caufedthemto make their Inftrumentsfo larne
^ndtofubdividethemto fuch an exaflnefs, as to difhnguiOi
if pomble, to Seconds ; And I queftion not but that they ufed
their utmoft indeavour in directing the fight to the ob;e6 : but
lince the nak^ eye cannot diftinguifh an Angle much fmaller then
a minute, and very few to a whole minute, all their charge and
trouble in making and managing large Innrumetits, and in cal-
culating and deducing f/om them, was as to this ufc in vain.
Hencef judged that whatever mens eyes were in the youncer
age of the World, our eyes in this old age of it needed Spe6a-
cles; and therefore I rtfolved to afllft my eyes with a very
Urge and good Telefcope, inftead of the common fights, where-
by I can with eafediftingjifli the parts ofan objea to Seconds:
and I queftion not but that this way maybe yet made capable of
dimnguifhing much more curiouflv, poflibly even to fome few

l'u\^J^^^
invention removed that grand inconvenience

which all former obfervations were fpoiled with ; but there re-

C maincd
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mained yet further this difficulty. How to nuke an Inftrumenc

large enough for this purpofe, .that I might be afliired did not

flirink, nor warp, nor ftretch fo much as to vary a Second j

for fuch is Che nature of all Alaterials that can be made ufe of

for Inllrumentsof thebignefsl defigned this , that 'tis almoft

impoffible to make a moveable Inftrument that (hall not be

fabjedl to a variation of divers Seconds : It was therefore my
next inquiry where I might fix this Archhnedcan Engine that

was to move the Earth. For the doing of which, I knew *twas

in vain to confulc with any Writer or Aftionomer, having never

then heard of any perfon that had ever before that time had ally

thoughts thereof : and when I fir ft propounded it to the RcjisJ

Society^ 'twas looked upon as a new thought, and fomewhac

extravagant, and hardly pradicabic, until upon liearing my
explication, and the various wayes how it might be reduced

into pi-adife, it was at length judged pofilble, and defirable

to be tryed. I propounded therefore to chem the feveral ways

that it was pofllble to be performed , and what method was to

beobferved in every oneof them , and fMuewliat of the con-

yeniencies and inconveniencies in each of them; for having fe-

rioufly meditated upon the Inquiry, I quickly thought of many

expedients for the doing thereof. As finl, I had thoughts of

makingafeof fome very great and raaflTy Tower or Wall that

were well fctled, orof fome large Rock or Hill whereunto F

might fix my Glafies, fo as to take the exaft altitude of fome e-

minent Star near the Pole of the Ecliptik, when at its greateft

height, at two differing times of the year; to wit, about the

Summer and Winter Solllice, to fee if pofTibly I could difcover

any difierence of alticudc between the firft and fecond obfer-

vatfon. But toaccompliQi this C belldes the vaft difficulty

there would have been to have meafured fuch an Angle to the

accpratenefs requifite, if at leaft it were defired to have the

Angle of altitude to Minutes and Seconds, which ought alfo to

have been repeated as oft as any obfervation had been made for

fear of fetling or fvvelling, See.) I wasdeftitute of fuch a con-

venience near my habitation; befides, had I had my wifli, I

found that 'twas lyable to an inconvenience that would w holly

overthrow my whole defign, which I knew not well how to a-

void ; Namely, to that which hath bicherco made even the very

beft
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bcft obfervations of Parallaxes inefledlual and uncertain, the

refraSfion of the Air or jitmoffhere^ which though it could

have been but very little at the greateft altitude of the Po'e of

the Ecliptick, yet it might have been enough plaufibly to hare

fpoiled the whole obfervation , and to have given the j4fiti'

cefertjicans an opportunity of evading the Arguments lakeri'

from it
,

efpecially upon the account of the differing conftitu-,

tionof the Atinofphere in June and December , w^hich might

have caufed fo much a greater rcfra6ionof the fame alcitudeat

one time then another, as would have been AifHcient to have

made this obfervation inefFe6ual for what it was defigned,

Addeto this , that it would have been no eafie matter to have

fet the GlaflTes or Telefcope exadlly againft the Meridian, foas

ro fee the higheft altitude of any Scar near the Pole of the Eclip-

tick diHinftly to a Second.

The lil^e difficulties I found ifobfervations were made of the

greateft altitude of thePo'eof the Ecliptick in June and De-
cember, or the leafl altitude of the fame in December 2r\d June^

For befidesal] the uncertainties that the Inftrumenrs, be they

what they will, are liable to, the grand inconvenience of itt

refradion of the Air, which is enough to fpoil all obfervations

if it be intermixed with uncertainty, in the former is confidera-

ble, and in the later intolerable.

Having therefore examined the wayes and Inflrumcnts for all

manner of Agronomical obfervations hitherto made ufe of, and

confidered of the inconveniencies and impcrfefljons of them ;

and having alfo duly weighed the great accuratcnefs and cer-

tainty that this obfervation neceffarily required ; 1 did next

contrive a way of making obfervations that might be free from

all the former inconveniencies and exceptions, and as near as

might be, fortified againft any other that could be invented ok^

raifed againft it. This way then was to obferve by the paflirg

of fjme confiderable Star near the Zenith of Grejbim Col/edge^

whether it did not at one time of the year pafs nearer to it, and

jrt another further from it : fbr if the Earth did move in an Orb
about the Sun, and that this Orb had anyTendble Parallax a-

mongfb the fixt Stars 5 thismuft neceflarily happen, efpecially'

to thofe fixt Stars which were nearefl the Pole of the Eclip-

tick. And that this is fo, anyonemav plainly perceive if he

C 2 confider
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confidcr the annexed Scheme
,
Fig, I. where let S rcprefent fhe

Sun placed as it were in the center of the PUneraryOrbs,A BCD
an imaginary Orb of the fixe Stars of thefirft magnitude, whofc
center for demon ft ration fake we wmII fuppo^e the Sun. Let

Ys^"^ reprefent theOrb in which theEarth is f ppofcd to move
about the Sun, obliquely proje6cd on the Paper. Let re-

prefent the Earth in Capricorn, and 2S ii^^ Earth in Cancer,

Jet I 2. I 2. reprefent the imaginary Axis of the Ear[h, keeping

continually a parallelifm to its f(rlf,and let AECD ^ rtprtfer.t

an imaginary Plain pafTing through the center of the Star at D
in the Solftitial Colure , and the two centers of the Earth ir>

*>> and s , and C reprefent the Zenith point of Grejbam Col-

/r/^^ at noon, when the Earth is in Cancer, and A the Ze-

nith point of the faid G>iif^/^< at midnight in the aforefaid Orb
A BCD when the Earth is in Capricorn, 'tis manifeft there-

fore thatfince the Poles of the Earth, the Poles of the Eclip-

tick , and the Zenith points of the Earth at noon , when in

Cancer , and at midnight, when in Capricorn, a-e all in the

(Jime Plain ; and that the Axis of the Earth keeps a'wayes its

parallelifiii , and that the Angles mad? by the Perpendiculars

of Grejbam CoUedge , with the Axes are alwayes the fame,

that the aforefaid Perpendiculars of the faid Coiledge fliall be
parallel alfo one to another

, andconfequently deno.e but two
points in the abovefaid Orb A and C as far diftant from each

other as the parallel Lines A*^ and Cssare, and confequently

the point A fliall be farther from the Star in D, and 'the point

C flull be nearer to it, when in the Meridian near the Zenith

of London, and confequently if the faid Star be obferved

when in the Meridian of the place abovefaid , if there be any
fuch difference confiderable , it may be found if convenient

Inftruments and care be made ufe of for tlie obfervation there-

of: and the difference between the Angle A'^^'D, and the An-
gle C®D, will give the parallaftical Angle »DSof theOrb
of theEarth to the fixt Star D of the firft magnitude. The
fame demonftration will hold mutatis mutandis, fuppofing the*

Star be not in the Meridian or Plain abovefaid, but in fome
other Meridian, as any one upon well confidering the nature

of the thing it felf may eafily prove , if the obfervation be
uiade when the Zenith paffcs by the Star at midnight, and at

mid-
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mid-day. But the nearer the Zenith of the place of ob(erva«

tion paflTeth to the Pole point of the Ecliptick, the better/

The Angle of Para'Iax being ftill the more fenfible. There*

fore the beft p'ace to compleac this obfcrvation were in fonie

place under the Polar Circles, as in IfeUnd^ where the Ze-

nith of the p'ace at the times abovefaid , miift confcquently

pafs at one time to the North fide of the Pole of the Ecliptick,

and at the other on the South fide, and the Zenith of March ^x[d

Sept, mult pafs through the very Pole-point it felf. Now it

falling out fo, that there ?^ no confiderable Srar in that part

of the Heavens nearer the abovefaid Plain, and nearer the Ze-

nith point of Grejham CoUedge in that Plain, then the Bright

Scar in the head of ihtDragorty I made choice of that Star for

the obje^by which I defigned to make this obfervation, find-

ing the Zenith point of Grejbdm Colledgeio pafs within fome
very few minutes of the Star it felf ; the dec'.ination thereof

according to K/Vf/V/ being 5 1*. 36*. 7". and the Plain the Star

and Pole of the World,making an Angle with the aforefaid Plain

but of 2*. $2. 36, the right afcention thereof being accord-

ing to Rtccioli 267% 7*. 24".

And that this may be made a little plainer, let u$ fuppofe

in the third P/Wr, the Nonh part of the Heavens proje^ed

ftcreographicaT upon a Plairuo which the Axis is perpendicu-

lar. Let p reprefent the Pole, e the Pole of the Ecliptick, 1

the bright Star in the head of Draco , and let a cc reprefent

an imaginary Circle defcribed by the Zenith of Gfefbam Col-

ledge among the fixt Stars in June , and b d d d a like Circle

defcribed by the faid Zenith in December^ and efff a like

Circle defcribed as above in March , and g h h h in Septem^er^

It is very evident that the truediftances of the Zeniths in that

part of the Meridian which is next thePoleof the Ecliptick,to

wit,in the head of the Conftellation Draco.fhzW be to the true di-

ftancesof the faid Zeniths in that part which is furtheft from

the faid Po'e, to wit, near theconftellation of ^uriga ff> cmfe-

qi$entia, asthefignof 75 degrees to the fign of i4*. 54', and

the variation of the Zeniths, or the Angle of Parallax here at

Grejbam CoUedge, to the Angle of Parallax inlfetand^ or any

other place under the Pole of the Ecliptick, or Artick Circle

is, as the fign of feventy five to the fign of ninety or the Rads-
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m. This will be very evident if we confider in the fccond

Scheme; AB to reprefent the Diameter of the great Orb ; AC
and BD the perpendiculars of Ifeland , or feme other place

under the Polar Circle. OA, HB the perpendiculars of Grepum
CoUedge in Draco : and LA, MB the perpendiculars of the fame

place to the SolRirial Colure near ^t^riga, the feveral di-

Ifances CD, GH, IK, LM, will be as the figns of 9 o«'| 7 5 *
(
66V^o'\

i4*.54'|. to wit, as the Lines or Coras AB. AO. PB.Q^B.
I might have made obfervarions of ihediftances of the rran-

fitsof our Zenith from any other Staf as well as from this of

Draco , "and the fame Phenomena might have been obfcrved , ta-

king care to make one of the obfervat ions when the Star is in

the Zenith at midnight, and the other when the fame Star is in

the Zenith at nx)n or mid-day ^ and upon this account when I

next obferve, I defign to obferve the tranfits of our Zenith by
Benensimy ox iht u'timACdudd nrf£m.ijoris^ it being a Star of
the fecond magnitude, and having almoft as much declination

as Grcjbam CoUedge hath latitude. The principal dayes of do-

ing which will be about the 4 of Jlpril^ when our Zenith paf-

feth by the faidStar at midnight, and the 7 of O^foher^ when
it paflTeih by it at noon or mid-day: the reafon of all which

will be fufficicntly manifeft to any one that fliall well confider

the preceeding explanation.

This Star I would the i*ather obferve , becaufc as it is pla«

cedfo as that the Parallax thereof will be almoft as great as

of the Po't of the Ecliptick in IfeUnd^ or under the Anick
Circle, foit being a Star of the fecond magnitude, and con-

fequently perhaps as near again as one of the fourth, the An-
gle of Parallax will be near about twice as big , and the Star it >

felf much more eafie to be feen in the day time. This will be
very eafieto be underftood , if we confider in the firfl Scheme

the differing di fiances of the Orb ABC D^ in which we may
fuppofe the Stars of the fecond magnitude to be fixt, and of

the Orb * /8 « «A, in which we may fuppofe the Stars 0 f the fourth

nugnitude, and abed in whichwemay fuppofe thofe of the

third magnitude, apd A BCD in which wemay fuppofe tliofe

of the firfti for if the Stars are further and further removed

from the Sun^ according as they appear lefs and lefs to us, the

pi\ralla&ical difference found by obfcrvation muff neceflarily
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be lefs and lefs , according as the obfervation is irade of left

and lefs Stars.

The reafohnhen why I made choice of this way of cbferving

will be cafie to any one that fhall confidtr that hereby, fiift, 1

avoid that grand inconvenience wherewith aM ancient and

modern obfervaxions have been perplext , and as to laraliax

infignificanr^and that is the refra^ion of il:e Air or Ain.ofphere.

How great an inconvenience that was is obvious , fince 'tis cer-

tainly unich greater at one time then another, and never at

any certainty^ and fecondiy, 'Tis not equally propoitionable,

for fomctimes the refra^ion is greater at feme diflance above
the Horizon^ then in or nearer to tht Horizon it felf , and feme-

times the quite contrary, which I lave very often ctfervcd^

and this to fo exorbitant a differerce, as to confound all Hy-
pothetical Calculations of Tables for this purpofe. This a-

rifethfirom the uncertain and fudden variations of the Air or

Atmofphere, either from bear and cold, fiom the thici<nefs and
thinnefs of Vapours, from the diffcrirg gravity and levity,

from the winds, currents^ and cddyes thereof, all which be-

ing not fowe'l underftood by v\hat way, and in what degree,

and at what time they work and operate upcn the Air, iruft

needs make the'refra^ion thereof exccedirgly perplext, and the

Fedu^ion thereof to any certain theory fit for practice,a thing

almoftimpofTibJe. Now if we are uncertain what part of the

obferved Ang'e is tobeafcribcd to refradlion , we are uncer-

tain of the whole obfervation as far as the poOlble uncertainty

of refraflicn. Let me have but the liberty of fuppofng the

refradion what I p!ea(e,and of fixing the proportional decreafe

thereof according to the various elevation of the Rayes above

the Horizon; I will with eafe make oot all the" vifible Pheno-

mena of the Univerfe, Sun, Moon, and Stars, and yetnotfup-

pofc them above a Diameter of the Earth diflanr. Now in this

obfervation there is no refirafticn at all, and confequent]y be

tht Air thicker or thinner, heavier or lighter, hotter or cold-

er, be it in Summer or Winter, in the night or the day, the

ray continually paflTeihdire^ly, and is not at all refrained a^:d

defledted from its ftreightpafTage. In the next place, by this

way of obferving I avoid alhhe difficulties that attend the ma-

king, mounting, and managing of great Inftrumerts: For I

have



hav^ no need of Quadrant, Scxranr, or Odlant. nor of any o-
ther part or Circle bigger then a Degree at nioft^ nor have I
need to take care of the divifions and fubdivifiois' thereof nor
of the fubflance whether uiade of Iron, Brafs Copper or
Wood , nor whether the parts thereof flirink or fwell , or bend
or warp

,
to all which the beft Inflrumenis hitherto n ade life

of, have been fome wayes or other lyable. And notwich-
fianding the vaft care andexpenceof the noble r/^;&(7 aboncthe
making, fixing, and ufing his gr(at Inftruments

; yet I do not
find them fo well fecured from divers of thefe inconveniences
but that they were ftill fubjc(Jl to foir.e confiderable irremilaril
ties. Nay, notwithf^anding the feeming'y much greater curio-
fity and expenfe of Hevelm, and his infinite labour and di-%ncein the coiiipleatingand ufing of his vaft Apparatus of
Altronomxal Inftruments, I do not find them fo fecured
but that fome of the caufes of errors that I have before mei l
tioned, may have had a confiderable efFta upon them a fo- e
fpccially if they were fuppofed to meafure an Angle to fome
few Seconds

. asIOiall hereafter perhaps have more occafion
tomanifeft. Now, ,f the In rumen :s of ticho and HevcUm
pvho had certainb^ two of the moft curious and magnificent
CoIIeflions of Aflronomical fnflriJmenrs that 'were ever vet
got together or made ufe oO were fubjeifl to thefe uncertain-
ties. What Oiall we fay of all that other farrage of trnmpery
that hath been made ufe of by mofl others ' We fee there-
fore the neceflity of the eonjunflion of PhyficaLand Fhilofo-
rhical with Mechanical and Experimental Knowledne, howW and imperfefl the ftudy of Are doth often prove without
the con;un(ftion of the ftudy of Nature , and upon what ra-
t.ooal grounds.it was that Sir Jclm Cutler, the Patron and

f inn of' k' ^'^"''l
V^oc.cd.d in ;oyning the contempla-

tionof theni both together.

The next thing was the Inrtniinent for the irakinc oftfis
obferrat.on, fuchaoneas (hould notbel^-ablc to any of theforu^r exceptions nor any other new ones that were conH-

t t n \
^

u'*"' ^l'^^' ^ ^''^^"^ "P^n « Telefcope
, he

largeft 1 could get and make ufe of, which I defigned fo ro
fix upnght as that looking ditedijy upwards, I could be a-
ble certainly to obferve the tranfits of any Starsovc^ or near

the
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the Zenith, and furnilLing it with perpendiculars and a con-

venient dividing Jnftrument , I fliould be able not only to

know exadly vvhen the Star came to crofs the Meridian , but
alfo how far it croffed it from the Center or Zenith point of
GreJIjam CoUedge ^ either towards the North, or towards the

South. All which Paniculars, how 1 performed , Ifiialinow

in order defcribe , and this fomewhat the more diftin^Iy ,

that fuch as have a defire to do the like , may be the more rea-

dy and better inabled to proceed with the fame.

Firft then (finding a Tube would be very troublefome to the

Rooms through which it pad, efpecialiy if it were p'aced

pretty ^ir in the Room, and that one wanted fo f;ee an acccfs

as was neceflary if it were planted nigh the wall, and that

there was no abfolutejicceility of fuch an intermediate Tube,

fuppofing there were a cell to direft the eye fixt to the Eye
Glafs, and that there were fome fliort ceil to carry the Objeft

Glafs in at the top , foas to keep it fteady , when raifed upward
or let downwards, the light in the intermediate Rooms not at

allhindrtng, but rather proving of good ufe to this purpofc

for feeing the Menfnrator) I opened a paflagc of about

a foot fquare through thereof of my lodgings ( fee the Fourth

Fignre) and therein fixt a Tube a a perpendicular and uprigh%

of about ten or twelve foot in length , and a foot fquare , fo as

that the lower end thereof came through the Ceiling, and was

open into the Chamber underneath : This Tube I covered with

a lid at the top q, houfed fo as to throw off the rain, and fo

comrived,as I could eafily opener (hut it by a fmall firing nop,
which came down through the Tube to the place where I ob-

(crved. Within this perpendicular Tube a a, T made ano-

ther fmall fquare Tube b b, fit fo as to Aide upwards and down-
wards, ai there was occafion, and by the help of a skrew to be

fixt in any place that was necefiary : Within this Tube in a con-

venient cell c, was fixt the Objedl Glafs of the Tc!efcope(thac

which I made ufe of was thirty fix foot in length , having none

longer by me, but one of fixty foor, and fo too long to be made
ufe of in my Rooms ) the manner of fixing which was this : The
Glafs it felf was fixed into a cell or frame of Brafs, fo exa6Iy

fitted to it, that it went in ftiff; and to fill up all the Inter-

Ititia's, there was melted in hard Cement ; this cell had

T> fmall
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finallbarr that croiTcd under the (tenter of the Glafs, or the a-

perture thereof J in which barr were drill'd two fmall holes at

equal diftancefroin the middle of cI^eGJafs, thro gh Which the

upper ends of the iwo perpendiculars d d were faftned i and

in the fixing this brafs cell or ftauie into, the fquare Tube that

was to Aide up and down , care \^ as. taken to make tlie barr lye

asexaftly North and South as could be, though that were not

altogether fo abfolutely necelTary to this obfervation. Thefc

perpendiculars d d faftned to the barr hung 36 foot and bettec

in length, and had at the lower ends of ihciu two balls of lead

c.e as big as the Si Iks could bear, by which the loweft parts of

this Inflnimcnt were adjulled , as I fiiall by and by explain.

But firrt, I muft acquaint iht Rtader,that I opened a fo*perpen-

dicularly under thib Tulie a hole rr a foot Iquare in the floor

below , which wiih flni,ttcrs could be clofed or opened up-

onoccafion^ by this means I had a perj^endicular Well-hole of
about forxy foot long, from ihc top of a. to the lower floor ss»

Upon the fccond floor s s I fixed the frame that carried the Eye-
glafi and the other Apparatus fit to make this obfervation. I

made then a Stool or Table, fuch as is. defcribed in the fame
Fourth Figure ihh iy having a hole through the top or cover
thereof hh, of about nine inches over ; the middle of which I

placed as near as I could perpendicularly under the middle of
the Objeft Glafs in the cell aBove, and then naUed the frame faft

to the floor by the brackets i i, that it could not (lit ; under-

neath the cover of this Table I made a Aider g g, in

which was fixed in a cell ari eye Glafs f , fo as that 1 could
through the eye Glafs moved to and fro, fee any part of the

hole in the Table that I defired , without ftirring the Aool froia

its fixtnefs. This was neceffary, becaufe many Stars which were
forerunners of this Star in Draco^ and fervcd as warning to

prepareforthf approaching Siar, went pretty wide from the

parallel that pafTed over our Zenitii^ by this means alfo I took
notice of the Staritfelf, at above half a degree diftance from
the Zenith to the EaA , and fo followed the motion of it with
my eye Glafs, and alfo with my meafuring Clew, and at the

fame time told the Seconds beat by a Pendulum Clock , and fo

was very well prepared to take notice of all things neceflary to

compleac the obfervation , but might have been otherwife fur-

, prifcd



'prifedby tlic ftiddaln approach ancJ iVifr motion of the faid

Star. Themeafuring Inftrument or Mcnfurator was a round

ihin plate or circle of Brafs, delineated in the Seventh

the aperture a b of which.was about nine inches over, crolfcd

in the middle by two very fiKali hairs a b and c d>wbich fcrvcd

to (hew the Zenith point at e, by which the Star was to pafs

;

there were alfo two other finall hairs fg and ill drawn parallel

to that which was to reprefent the Eaft and Weft line, that paft

under our Zenirh , thefe cut the C luc that repreftnted thiC Me-

ridian, or North and Souih Line at the places H and.l, v^here

the perpendicular points were made by the twp long plumb

lines: This Inflrument was produced on the fide a to n, n e

being made fifteen times the length of em, Co that e m being

one inch and two thirds, en was twenty five inches: at n the

line n e was croft by a rule of about 3x-foot long op, which

from the point n was divided each way into inches and parts^

each inch being fubdivided into thirty parts, which fervcd to

determine, though not precifely, the Seconds ortthe line cd;,

fbra minureof adegrce toa thirty fix foot Glafs, being very

near orte eighth part of an inch, and this eighth part, by the

helpof the Diagonal, being extended to two whole inches upon

thcthree foot Rule o p, it became very eafie to divide a part

oft d, which fubtended a minute intofixty pans, and confe-

qoeniiy to fubdivlde it into Seconds. Now tliough the fixti-

«th part of in eighth of an inch be very hardly diftingui (liable

by the naked eye , yet by the help of looking through the Eye^

gtefs placed in the cell, and fo magnifying the Objc6s at the

Menfurator \iTore then fix teen times , 'tis eafie enough to diftin-

guifl] it. But to proceed, 1 had one fmall arm m t in the Men-

furator, to which The Diagonal thred was faftned at the point

m, whfch ferved for the more nice fubdivifions into Seconds ;

The other Diagonal thred which was fiiftned at u, ferved for

fuch obfervations where fo great nicenefswas not foneceflary,

diftifiguiflhing only every four Seconds.The points where thefe

Diagonal threds were faftned , vvcrc exactly over, the line 9 b,

and the dtftances e m and e u w^ire an inch and two jthirds, and

five inches.
' • 'U

There is fomcwhat df fticenels reqiiilite to the fixing thefe

Diagonal threads fwhich is very material) at m and u , and that

D 2 is
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isthat therebeafmall fpringingflit to pinch the hair fafi ex-

aftly over the line a b , fo that the point of its motion may be

precifely inthe faidEaftand Weft line, and not fometimes in

it, and fometimes out of it, which it is apt to be, if the Diago-

nal line be fixt in a hole, and move round in if.

This was the Menfurator by which 1 meafured the exa6 di-

ftance of the Stars from our Zenith ; it may be alfo made ufe of

for the meafuringthe Diameters of the Planets^for the examining

theexaft diftances of them from any near approaching fixtStars^

for meafuring thediftancesof the Satellites of Jupiter and Soi-

turn from their difcks, for taking the diameters and magnitudes

of thefporsof theMoon^ and for taking the diftanccs of ap-

proaching S:ars, and for many other menfurations made by Te-

lefcopesorMicrofcopes, if it be fo placed as to be in the fo- -

cus of the Objedk Glafs and Eye Glafs. I could here dcfcribe

at leafi thirty other forts
,
fomeby the help of fcrews, others

by the help of wedges,fome after the way of proportionalCom-

pafres,others by wheels, other's by the way of the Leaver, others

by the way of Pull ies, and the like; any one of which is accu-

rare enough to divide an inch into l oo, iooo,|kJoooo parts if

it be neceffary ; but I muft here omit them, they being more
proper in another place, and (hall only name one other, becaufe

I fometimes made nfe of it in this obfervatioa, which is as Am-
ple and plain as this I have defcribed, and altogether as accu-

rate ; but for fome accidental circumftances in the place where
J made my obfervation , was not altogether fo convenient as the

former. This Menfurator then is made thus: take a Ru!c of

what length it fcems mod convenient for the prefent occafion,

as two, three, or four foot long ,
reprefented by a b in the

Eighth F/^rtf,divide this into loo, looo, loooo equal parts,

with what accuratenefs'tis po(ribIe,becween the points a bi On
the top of this Rule, at each end fix two crofs pieces gh
and e f , then from the two crofs pieces e f and g h, ftrain two
very fine and even clues , as Silkworms clues , curious fmall

iiairs, or the like, fo as that they crofs each other at n, and be

diftant at o and p, an inch, or any other certain meafure deli-

red. Let this Rule,bezelled on each fide, flip in a frame be-

tween two cheeks q and r , upon the top of which ftreixi ano-

ther final I hair as s t. This frame mufl be faftned to the Tc-

lefcope,
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lefcope , fo as s t may lye in a due pofition to the Eye Glafs of
it. Now in the time of obfervation the frame q r being fafl-

ncd to the Telefcope a^iftbove
,
by flidirg ihe Rule ab to

and fro, you give upon the line st any length defired, wh:ch
is noted out by the line s t upon the rule ; for if o p be
put one inch, then x y will be -^^^ of an inch , and if o p be

the fubtcnfe of tonsinuces , then xy be the fub enfe of

4194; this is fo plain, fimple, and eafie, that as any crdi-

mry Workman will be able to make it , fo I doubt not but e-

very Reader will , without more application, underfiand borh

the defcription and ufe thereof. 1 (hall return therefore to the

defcription of the former Menfurator.

The next thing then is the way of fixing this Menfuracor , fo

as to fct the threads in their due poflure , that is Eafl and Weft,

and North and South , and that they cus each o:hcr under the

middle of the Glafs.This laft was that which had the m ft uf dif-

ficulty in the whole Experiment* For the performing of this , i

removed the Aider underneath the Table that carried the Eye
Glafs, and alfo the iMenfurator, and fufiered the plumb lines ro

hang down through the aperture of the Tab!e, and chat the Bal s

might come the fooner to their perpendicularity, 1 fuffercd

them to hang into a veflTel of water , deep and wide enough,

that they might not touch either fide or bottom.

This expedient of hanging the plumbcts in water I mention,

becaafe without it *«s not to be imagined how much time is

loft by expectation of the fettlement of the faid perpendicu-

lars, and how very apt they arc to be made to vibrate by the

little imperceptible motion of the Air, and by any fmall hair

or other impediment how apt to.be put out of their perpen-

dicularity; which by the way makes me very ftarfjl that all

common Inftruments have hitherto been lyable to very great

errors, by the unaccurate hanging of their plumb lines, being,

made for the moft part to hang and play againft the fide of the

Inftrument. By this means they would foon come to hang per-

pendicularly, and be fo detained when in that pofture i not

being apt to be ftirrcd by the motion of the Air, or their own
fwing 5 and whilft thus ftejdy , I fixed two fmall arms of JBraf

,

fuchas arcdefcribed in the Seventh Figure by z z , z z, which

had fmall holes at the cxtrcams, with a fmall flitoa the fide to

admit



iad.nit or emit the plumb ine as there was occafion 5 one ofthe(e

IS more ac large dtfcribed in the Sixth Figure, Now the plumb

Jine being let into the middle of thisjdiid with all the accurate-

ntfj I coiiid fo fix the faidarm, that the plumb line pail exaft-

iy Through the middle of the hole y. When I was fufficiently fa-

tisficd that the plumb line paft cxaftly through the middle of

rhe trying arms, I fixed thofe arms zz, 2 z, andrcnx>ved the

plumb lines, then I laid the Menfurator 1 1 in the Fourth Ft-

gnre^ upon the furface of the Table, and took great care that

the croffcs k and 1 in the Seventh Figure^Xzy exaftly under the

middle of the holes in the arms, which having done by the

help of certain fcrews , I fixt the Menfurator fad to the Table,

and prepared for the obfervations, putting in the Aider gg
in the Fourth Figure^ that carried the cell f, and lying down
upon a Couch (k of the Fourth Figure) made purpofely for

this obfervation, I could look dircdly upward , and with my
left hand move the Ceil and Eye Glafs fo as to find any Star

which pafTed within the hole of the Table, and at the fame time

with my right hand I could move the Diagonal thread (r m of
the Seventh Figure ) fo as to findexaftly how far diftant fi^om

the Zenith e, either Northwards or Southwards,the Stars paft

the Meridian d c , and giving notice to my AlTiftantto prepare*

he upon the fign given took notice exaflly by a Pendulum Clock
to the parts of a J-econd when the faid Stars paft , and alfo took
no:ice what divifion the Diagonal thread m r cut upon the

Rule o p.

With all thefe difficulties I was forced to adjufl the In-

fVrument every obfervation I made,both before and after it was
made, which hath often inade me wifh that I were near feme

fireat and folid Tower , or fome great Rock or deep well, that

fj J might fix all things at once, and not be troubled continu-

ally thus to adjuft the parts of the faid Inftrumem; for who-
ever hath that opportunity will, I queftion not, efpecially if

the lines of his Menfurator be made of the fmgle clues of a Silk-

worm, with much eafe difcover plainly a change of the diftance

of Stars of the greater magnitude from the Ztnitb, in a much
fhoner time then fix moneths. This variation alfo will be

much more eafie to be difcovered , if inftead of a thirty fix

foot Glafs, there be made ufe of one of four tiroes that

length,



length, to wit, oneof oiic hundred fourty four foor^ and if

inftcad of a Tower feme deep and dry Well be made ufe of, fuch

as I have feen at a Gentlemans houfe not far from Banfted Dorv/;s

m S«rr/, which is duggthrougha tx)dy of chalk, and is near

three hundred and fixty foot deep, and yet dry ainioft to the

very bottom: For fuch a one is much lefs fubjcdl to any kind

of alteration , either from the fettling to\^ards thisor that fide,

which mod Towers and high Buildings, w45e:her new or old,

arelyableto: Thisalfj is life from bending and (hakirrg wiil»

the wind, which 1 find the flrongeft Houfes
,
Towers, and

Walls, if of apy confiderable height, are apt to do, nor
•would the wind have any power to fwerve the {jerpen^icularr,

which 'tis aluioft iuipoirible to prevent in high Buildings a-

bove ground. But this I can on^y wifli it were pcrfo ned,
but cannot hope to have any opportunity of Poing it my fclf.

But certainly rhedifcovcry of the obfcrvarion will abundantly

recompenfethofethat have the curiofity to make it.

Having thus refolvcd upon the way, and prepared the In-

flruments (it for the obfervation, I began toobfcrve the Tran-^

(its of the bright Star in the head of Draco\ and alwa>eN borh

before and after theob(crvation , 1 adjufted the Menfm ator by
the Perpendiculars, that I might be the more certain of the

exadlnefsof tl^ Inlitument ; for J* often found that when I came
to examine the Inftrument, a day, or two, or three, or more,

after a former obfervation, that there had leen wrought a

confiderable change in the Perpendiculars , in fo much as to

vary above a minute from the place where I left them , which I

afcribechiefly to the warping of the Tube that rofe above the

roof of the Houfe , finding fenfibly that a warm day wcu'd

bend it confiderably towards the South , and that a moifl Air

would make it bend from the quarter of the wind: But yet I

amapt to think there might be fomewhat a'fo of that variation

afcribable to the whole Fabrick of the Roof , and fjofilh'y alfo

to fome variation of the Floors; but vet I never fund thefe

variations fo fuddcn, as to be perceptible in the time of a finple

'

obfervation, finding alwayts the preceding and fuhfequnv:

adjuftings to anfwer.

The firA obfervation I made was the Sixth of July, '[(6^.

when I obferved the bright Star of Draco to pafs the Merid an

Northward?



Northwards of the Zenilh point of the Mcnfurator, at about

two Minutes and twelve Seconds.

The fccondobfervation I made was upon the Ninth of Jufy

following, when I found it to pafs to the Northwards of the faid

Zenith or crofs of the Menfurator , near about the fame place

,

not fenfibly differing.

ThethirdobfervationI made upon the Sixth of Juguji fol-

lowing^ then I obferv^d its tranfitus North of the aforefaid

Zenith, to be about two Minutes and fix Seconds.

The laft obfervatioh I made upon the One fnd twentieth of

OMcr following , when I obfcrvcdit to pafs to the North of

the Zenith, at one Minute and about 4S or 50 Seconds.

Inconvenient v^eather and great indifpofition in my health,

hindred me from proceeding any further with the obfervatign

that time, which hath been no fmall trouble to me, having an

extraordinary defire to have made other obftrvations with much
more accuratenefs then I was able to make thefe , having fince

foundfeveralinconvenienciesinmy Inftruments , which I have

"yow regulated.

Whether this Zenith fo found out upon the Menfurator , be
the true Zenith of Gr/'jZ'^ is not in this inquiry very

material (though that a!fo I defjgned to examine, had not an

unhappy accident broken my 0b;e6 Glafi befcre J could com-
p'eat the oblervation) for whether it were, or were nor, it is

certain that it al wayes had the fame pofition to the true Zenith

,

the Ob)-£t G'.afs and Perpendiculars having not been in all that

time removed out of the Cell, whence if the faid Objeft Glafi

were thicker upon one fide then upon the other (which is very

common and very ftldomeotherwifc) and confequently defle-

6ed the ray towards the thicker fide, and fo made the Perpendi-

cular of the Merfurator to lye on that fide of the true Perpen-

dicu'ar , that the thicker fide of the Object Glafs refpe6ed,yet

it being alvvayes fo if the tranfitusof the Star varied from this

falfe Perpendicular , it muft alfo vary from the true one. "^he

manner how I defigned to examine and find out the true Perpen-

dicular, is this, which is the way alfoofadjufting of Telefcopi-

cal fights, as I fliall afterwards have occafion to fhew. Having
marked the four fides of the Glafs, the North with N, the Eaft

with E, the South with S, -^nd the Weft with W, about the firft

of
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of June I begin toobfcrveand iiieafure the truedirtanceof fonic
remarkable fixe Star, as of this of Drscofrom the Zenith found
one night when the fide N of the Glafs flood North.Then I change
the fide of the Objeft Glafs , and puc the North fide South-
wards, and the South, Northwards, and obferve the Tranfitus
of thefameStar the next night, and note down the fame; the
third nighc following I put the Eaft fide or E North,and obferve
the tranfit of the fame Star over the Meridian ; and the fourth
night I puc the Weft fide or W North, and obferve the tranfit of
the faid Star. Now by comparing all thefe together, it will be
very eafie to deduce what the falfc ref aftion ofthe Objeft Glafs

is* and which way ic Jyes, and confequently to regulate the ap-
parent Zenith by the true one. But this only by the by.

'Tismanifc/lthenby theobfervations of July the Sixth and
Ninth : and that of the One and twentieth of Olt^ber, thzt there

isa fcnfible parallax of the EarthsOrb tothe fixt Star in the head
of Draco, and confequently a confirmation of the CofermcAn Sy^
flem againft the Ffolomaick and tichonick^

Before 1 leave this Difcourfe , 1 muft not forget to take notice

of fome things whichare very remarkable in the laftobfervation

made upon the 2 1 ofO^cUr, And thofe were thefe. Firft, that

about 1 7 minutes after three a-clock the fame day, the Sun being
then a good way above the Horizon, and fliining very clear in:o

the Room where 1 lay to obferve, and having nothing to fcreen

ofr.il;e rayesof light, eiiher in the Room where I was, or in the

next Ro^m through which I looked, I obferved ihe blight Star

in the Dragms head to paf^ by the Zenith as diftinflly and clear-

ly as if theSun had been fct,thcugh Imuftconfefi, ic had loft much
of the glariog brightnefs and magnitude it was wonc to have in

the night, and its concomitants were vaniflit ; The like I found
it divers other dayes before, when 1 obferved it, the Sun (hining

very c'eer into both the aforefaid Rooms , which by the way I

fuppofc was the firft time that tjie fixt Stars were feen when the

Sun f]im*d very bright, without any obfcuring of its light by E-
clipfe or othcrwife. And though we have a great tradition that

the Stars may be feen with the naked eye out of a very deep Well
or Mine in the day, yet I judge it impofllble, and to have been a

meer fiftion,withouc any ground; For the being p'aced ac the bot-

tom of a Well doth not at all take away the light of the Atmc-
fphere from afFcdiing the eye in and near theAxis ofvifion.though
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indeed the fides thereof may much rake off the lateral rayes; but

unlefs the radiation of the falfe rayes ofthe Star be brighter then

that of the Air, the true rayes from the body are fo very fmall

,

that 'tis impofTible the naked eye fliould ever be affc(ftcd by

them. For in the fccond pUce,by thisobfcrvation of the Snr in

the day time when the Sun (hined, with my 36 foot Glafs I found

the body of the Star fo very fmall , that it was but fome few-

thirds in Diamcter,all the fpurious rayes that do beard it in the

night being clecrly lhaved away,and the naked body thereof left

a very fmall white point.

The finalnefs of this body thus difcovered does vg-y

fully anfwer a grand objedlion alledged by divers of the

great Anti-cofermcAns with great vehemency and infiihiiig 5

aroongll which we may reckon Eicchlm and Tac^uet , who
would fain make the apparent Diameters of the Stars fobig,

as that the body of the Star fliould contain the great Orb many
times, wliich would indeed fwe'l the Stars to a magnitude vaftly

bigger then the Sun, thereby hoping to make it feem fo impro-

bable, as to be rejc^cd by all parties. But they that (hall by ll)is

means examine the Diameter of the fixt Stars, wiil find them fo

very fmall, that according to thtfcdidancesand Para' lax they will

not much differ in magnitude from the body of the Sun, fome of

them proving bigger, but others p oving lefs ; for the Diameter

of the paralla(f^ica! Circ'e among the fixt Stars, feems to exceed
the Diameter of the S ar a'mod as much as the Diameter

of the annual Orb of the Earth doth that of the Sun.

And pofllbly longer and better Telefcopes will yet much dinii-

nifli the apparent bulk of the Stars by bringing fewer fa!fc rayes

to the eye that are the occafion of the gl.inng and magnifying of
the faid bodies. It may for the prcfenr fuftice to fliew that even

with this Glafs we find the Diameter of this Star confiderably

fmaller then a Second , and the Para'fax we judge may be about

27 or 30 Seconds. It will not therefore be difficult to find many
S ars w hofe Diameters (ha! I be lefb then a two hundredth part of
this Parallax, as pofllb'y upon more accurate obfcrvation this

very S'ar may be found to be* Now we find that the Diameter
of the Orb of the Earth is but tw o hundred times bigger then the

Diamerer of the Sun in the Center thereof 5 and thei-efore if the

paralla6ical difference be found to be two hundred times more
then the vifibic Diameter of the Star, ihe Star will prove but of
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This Difcovery of the poffibilicy and facility of feting the

(bci Stars in theday time when the Sun fliincs, as I think it is the

iirfk inftance that hath been given of this kind,ro 1 ;iidge it wil 1 he
a difcovery ofgreat ufefor the pcrfefling Aftronomy ; as firft ,

for the rectifying the true place of the Sun in the Eciipiick at

any time of the year • for fince by this means 'tis eafie to find any

Star of the firft, fecond, or third magnitude at any time of tl:e

day, if it be above the Horizon, and not tea near the body of
the Sun : And fince by a way I flial I fJiortly publifli any Angle to

a Semicircle in the Heavens, may be taken to theexa^nefs of a

Second by one fmgle obfervacor ; It will not be difRciilt for fu-

ture Obfervarors to re^ifie the apparent place of the "5:un a-

raongft the fi?tt Stars to a Second, or very near, which is one
hundred times greateraccuratenefs, then has hitherto been at-

tained by the bed Aftronomers. The like ufc thtre may be made
of it for obfervingany notable appulfeof the d. V, and

toany notable fixt Star that fliall happen in the day time,w|]ich

may ferve for difcovering their true places and pa^aIldxe^ 7 he

Refradions alfoof the Air in the clay time may by this n eans be

experimentally dete6ed.

I (hould have heredefcribed fume Clocks and Time- keepers

of great ufe, nay abfolute neceffity in thtfe and many other A-
ftronomical obfervations, but that I refcrve them f)r fome at-

tempts that are hereafter to follow, about the various wav es I

have tryed, not without good fuccefs of improving Clocks and

Watches, and adapting them for various ufes, as for accin-aiing

Aftronomy, compleating the Tables of the fixt Stars to Seconds,

difcovery of Longitude,regu!ating Navigation and Geography,

deted^mg the proprieties and efFedts of motions for promoting

(ecret and fwift conveyance and correfpondence , and njany o-

ther confiderablc fcrntinies of nature : And (ball only for the

prefcnt hint that I have in fome of my foregoing obfc rvations

difcovered fome new Motions even in the Eanh it ftif, which

perhaps were not dreamt of before,which I fhali hereafter more '

at large defer i be, when further trya!s have more fully confirmed

and compleated thefe beginings.At which time alfjiflial! explain

a Syftem of the World differing in many particulars from any yet

known , anfwering inall things to the common RuIesofMccha-

nical Motions : This depends upon three Suppofition?. Firft,

That all CoeleQial Bodies vvhatfocver, haveanattradlionorgi-a-

E 1 vitatlng-
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virat ing power cowards their own Centers,whereby they at trad

nor on y their own parts, and keep thcin from flying from

then), as we may obfcrveihe Earth to do, but that they do alfo

attrad all the oiher Coeleftial Bodies that are within the fpherc

of their adivity ; and confequently that not only the Sun and

Moon have an influence upon the body and motion of the Earth,

and the Earth up^n them, but that 5 alfo l> and by their

atti^ftive powers, have a confiderable influence ufon its motion

as in Che fame manner the corrcfpondingattradive power of the

Earth hath a confiderable influence upon every one of iheir mo-

t ions alfo. The fecond fuppofit ion is this^Tljac all bodies whar-

foever that are put ipto a direft and Ample motion, will fo con-

tinue to move forward in a frrcight line, till they are by fome o-

ther eflfedual powers dcflefted and bent into a Motion, defcri-

bingaCircIe, Ellipfis,or fome other more compounded Curve

Line. The third fjppofition is, That thefe atcraftive powers

are fo much the more powerful inoperacing, by how much the

nearer the body wrought upon is to their own Centers. Now
what thcfcfeveral degrees arc I have n^zytt experimentally ve-

rified; but it is a notion which if fully profecuted as it ought

ro be, will mightily afli/l the Aftronomer to reduce all the Coe-

b/iialMot ions to a certain rule,which I doubt will never be done

true without ir. He that underftands the nature of the Circular

Pen d 11 luiji and Circular Motion, willeafily under/land the whole

ground of this Principle, and will kno v where to find dire^i-

on in Nature for the true fra:ing thereof. This I only hint at pre-

fcrnt to fuchashave abil ty arid opportunity of profecuting this

Inquiry, and are not wanting of Indjftry for obferving and

calcula-ing. wifiiing heartily fuch may be found, having my felf

iiuny other things in hand which 1 would firft compleat , and

therefore cannot fo well attend it. But this 1 durft promifc the •

Undertaker, that he will find all the great Motions of the World

robe influenced by this Princip!e,and that the true underftand-

ing thereof will be the true perftdion of Aftronomy.

LONDON,
Printed for JJm M-Artyrty Printer to the Royal Society, 1 6 74.
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THE

C O N T EIN T S.

TH E Reafifi ofthe frefent jfmmAdver^ons. page i
•

Horv far Hcvelius has proceeded. Jhdt hu Inflrtt-

ments do not much exceed Ticho. the bignefs^ Sights dnd Di-
'vffions^ not conftderAhly differing^ Ticho not fgnordnt of hii

nerv waj of Divifion. p. 2.

Proved hj feverd faffiges cut ofhU Works. P« 3 >4-

7hdt (0 great curiofity ds Hevcl ius ftrives for is needlefs with-

out the uje ofTrlefcopical Sights^ the former of the naked eye being

limited, that no onefart ofan Infirumentjbould be moreperfeCi

then another. P'4i5-
Hcvel ius his Letter of 1665. with his opinion of lelefcopical

Sights. P«$,6.
That if Hevelius could have been prevailed on by the Author to

have ufed Telefcope Sights ^ his Obfervations might have been 40
times more exa^ then they are^ P 6, 7*

That Hcvelius his Obje ions againfi telefcope Sights are of no

validity -.^ but that Sights without telefcopes cannot dijlinguijh a

lefs Jngle then halfa Minute. p. 7

.

that an Injirument of 3 foot Radius with telefccPes^ will do

iffore then one of3 fcorefoot Radius with common Sights^ the eye

being unable to di/linguijb. This is proved by the undifcernable-

nefs ofJpots in the Moon^ and by an Experiment with Lines on d

t^per^ by which a Standard is made ofthe fmer ofthe eye. p. 8.

That it had been much to be wrfht that Ticho Hevelius

h^y dnd that Obfervators for the future muld^ mil confider

this, p,9-

a 2 That



The Contents.

that Altitude >fth' ""'^f'"" f'ly ''T t""

A more fsrticuUr Exminatttn cj ^y'^L , / u^velius

hivtng 4 very greit tverjcn U Ijltji j r

%fkerett P^i»s ttt the dtvidmg it htotfelf. P- '
2-

thcrthejirji efoM Drv.ficns acfir.hed ,n p. ^^ ^^.^r

tbefecondwayd(fcribedi»dtxemplrficd.
,
,^ ch ,

'

iJnvinienccs in the Contriv^mes ^k»th,s ^.rpn-^^

^''Ti'e[crimonofhit^emi,third,!^^^^^^

ftr,mcJ. Ld fiJ,e of then corrveniemes a»d

'^'Hcveliusn./..4> r,j,lfi»gallrvcddcn hfiruments, r^adckt^-^

ter (^fErafsartd Iron. . ru'^jrl
IbatMhpnding there m^y he agreed nfe made of n<^dfor

thematerUlc/hpuLr^ts. Proved hj thth:<fenme.t of n

I,pum^ntrnadelorjgfwcehy.Sr.C\^.^^^^^ ^ Jf;
Hevelius his Resfon for rejectivgthc ufe ofwood-hfruments,

rto^ without fome exceptions, ^'n?'
Anim^dverficns on the Defiriftion of three fina Her tr^etstltne

Mruments, cneofi^. afecondofi^. '''.^
"'^'''z'^f^ 7l?c

andparticularly about the nexv way of Divtfion, xxhtch be afcrfbes

/<?EenediftusHedrciis.
'

,.

Ihit Hcvelius r,.u miflaken infuppoftng Hedreii^ hrs ^vay mre

(spable cfDemonftrationthen Tichu J by Diagonals- 1^2 t.

ticho Brahe'j Calculation of the quantity of Angles, made ky

Vtaoonals and equidift
antparallel Circles.

, V
ftran^e that T\c\)oand Hevelius Jbculdnot think ofput^

tin^ the parallel Circles at unequal Diftances. it>»^^.

ih^r to calculate, and what thoje unequal Difta„ces are. p. 23.

Dr Wallis^/V Letter to Hevelins ahut the ftme Suhjeet,

nherein thstDoEtrine is largely andfuUy handled.p.^ 3 2 4,2 ^ ,26

qhe Diagonal Vivifions more eafie to befeen then thofeof He-^

dreiis or Nonnius. Ticho'/ Defcription of Nonnius his way ,f
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Hevclius his Deftrtfthn ofthe ntay of Hedreus. 2 5.

' That thi6 wAy ^>/ Heflreus isJuhjeff to^reat inequalities^ pn-
ved by the Divtfms on the FUte T, of Hevelius his B^ok. A
fraiiic4^ rvAy ofenUrging thefmsU Divifions. ^ p.29.

That Hcd reus vooi^ not thefirft inventer ofthis Vfay ofDivifwn^

Imt Vienc-VsrmtYVBiUhefore him, p.30.

J fecond, thirds and fourth Ohjedion agAinft this way of Di*

vifions^ drAWn fromA fupfofed unequalfotfe of the J^lumh-Rule^

CAufed by Us unequal make or du[l^ orfrom the unpraliicAblervAy

ofhAnging it either on a Jmaller cr bigger Pin or Hole. ibid.

Hevel ius his invention for fteadying the Quadrant ingeniow^

but the convertible Frame more eafiefor ufe, P* 3 r •

Some RemArks in the Defcriftion ofhis large br,:fi Quadrant,
whtrewith be took many MeridiAn Altitudes ej the Sun, ibid.

new WAy hinted for mAking a TaUc of the fixed Stars, And

regulating their places, by the help of a Mural Quadrant, fame
parts whereof Are defcribedasthervay of Dividing, And of the

Sights, And of poyfing the tube And QbfervAtor^ And of keeping

the tube from bending, &c. P • 3 2 , ^ 3

.

Some Difficulties therein no)v obviAted, and fome Objections

anfwerd , ibid.

IhAt this Subject deferves to be better inquired into, and to

hepromoted byfome Prince^ P - 3 4 •

Some Animadverfions on the Defcriftion of Hevelius his large

Quadrant of Eraf^. that the Inflrument isgood in its kind^ but

yet far jhvrt ofvfhat it might have been, if Glaffes had been ufed

fortlit Sights, iljid.

.

llovo very fmali Seconds are even upon Urge Infruments, and

how uncertAin the Penumbra of the Sun's light is, contrary to the^^

generAl Principles of OpticaI Writers, being fometimes bigger

,

femetimes lef, according to the fmalnefs andbignefsof the hole ^

through which it is trAjeoled, P . 3 5 -

The curiofity of this Inflrument further exfrefl by Hevcl .ii?.

in the multitude ofits farts and Contrivances, in the proper Tur^

retfor it, in the make AndgreAt ufe of Screws, for moving, fix-

ing And dividing the ^uAdrAnt. p» 3 <^

.

- Some Obje^tons and EmendAtions propounded, and a ConeIu-.

Jton on the whole Inflrument And apparatus. p. 3 6 , 3 7 . .

Some Animadverfions on the Urge Sextant^ and the way of

ufr^
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fppm if, Ani the difficulty ackncwUd^d cf taking Stirs Di-

pMccsfrom the Moon and Sun, Anda rpxj frcmtfed of dofng them

rvtth more eafe. n

rhefeMting difficulty and even imfoffihtltty of tahng 8 (everal

DiJlAmcs in the Heavens, without {ailing one Second^ and the

reafin why 'tis more likely that there could not be agreater certain-'

tythenof\ Minutes in the vphole.
i* a^^'

Hevciius his Letter concerning my Animadverjions, andabont

Telffiopical'Sights. P- 3 9,4o.4 '
•

jlnjnfr^crtoit,
^ ,

A Conclufion of the Animadverftons. That the learu'd IV orId

is oblig'd to Heveliiis/tfr vehxt he hath done, but would have been

more, ifhehadu^edotherlnflruments. P'43i44'

That the Animadvertor bath contrived fome hundreds of In*

ftruments, each ofverygreat accuratenefs for
taking Angles, Le-

vels, 3:c. andafaricular Arithmeticallnjirumentfor perform-

ing all Operations in Arithmetick, mth thegreatefleafe, fmft-

n'fs and certainty imaginable, * P-44>4 5 •

lhat the Reader may be the more certain of this, the Author

dffcribcs an Injhnment for taking Angles in the Heavens, rvhofe

ferfcaionmore then common confijis^ i. Inthemanifefltngofthe

Sights. 2. Inthe Diviftons, ^ 3. InthereflcciivecotjfiruCiion

efthe Sights. 4. In its exaci Perpendicularity. 5. Inttsfix-

atii,n and motionfit for Obfervations. 6. Initsfacilityfor make ;

and 7. hitscheapnefs. P'45>46-

yfn Explication of the mal^e andfwgular conveniences of thefe

new Sights. »4 7,4^«

An Exflication of the nerv way of Dividing, and the great

advantj!ges ofit above others. P'48i49>5o.

l^iade more eafie by the t xplication of the Delineation tn the

1,2,5,4,5,6,8,9,10, and iJth. l/gurrs , expreffing the

Frame, hollow Center^ Moveable arm^ ScrewFrame and

Screwfor the Diviftons. Ihe Obitquiiy vfit to theFUin ofthe

G^adranty and the reafin thereof ;
' p. §1,5 2.

the way of certainly determi/iing the Obliquitj, and. the re-

fclving the uhole Quadrant thn cby into one grand Diagonal^

and the mignifying thereof in a duple., triple^ decuple^ Sic. Fro*

pertion, P»53'

\^Jhcn follows 4 m)re particular Defeription of the Screvf-

Frame^
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Ffdmi^ its CfilUrSt Centtn^ Sfrms,,Ha;rdles, Iftdiees, Fiffnhff;

DivffioffS^ &c. y r' '*v * * "

' .P-53,54-.

f0 Degrees; Mimae^^ Suonds^ p. 5 5^
l^hegreat advArttdge thefi ne» ways of ordering Sights ta^

^en notice of. ibid.

Jffd tkf ^holc d/ifyii/ztnct mre particularly defiribed. p. 5 6*

Jftd exfiaind by « DeUneation^ and the manner hovp they ar{

apfticable to a ^uadrdnt or otkrr Uftrument. P' 5 7 •

H01V they are madeufe of for taking an angle bigger thens

Quadrant, is farther defcrihed^ and made more intelligible by a

Delineation, p* 5 8 *

The way p/ adjujfi^ the ip^dfstt Sights^ Co/tsto Uoh^forwards

and bachrards exaHiy in a rijgljt Line^ and how to adjuji and fix

the Sight-threads in fhe Ttfbes.with the reafon thereof p.59,60.
W Vifcriptiontfthe Water Levels for fetting the injlrnment

exactly Horizontal, Some Difficulties^ and the vpay ofprevent-

ing thempropofed, p. 6 r , 6 i

.

7his Injlrument farther explain'd by a Delineation^ and the

reafon ofits aceuratemefs mantfejled, p. 6 3.

Some Difficulties about the make of the G/affes for thefe i>-
vels^ andJome Expedientspropounded, together with other ways

Mndforms ofLeveIs, p.6 4 ,6 5

.

After the Difficulties of Obfervations made the old tvayi are

taken notice of, follows the Defcription of a new Method ofmov-
ing andfixing Injlrumentsfor Objervations^ fo as 1o prevent and

chviatethem. p. 66,67.68.

Thi4 is made more plain by ^Delineation andExplicationmp.69.

When the Circular Fendnlum W4t firfi invented and pu'v

iijbt. p.69,7c.

Hereby the way is fublifbed a Defcription of Wheel-work^

which may be called the perfe^ion of Wheel-work^ having the

perfeEieft Idea that toothed Wheel-work is capable of performing

she fame effect as if the Wheel and Pinnion had an indefinite

nurnber of teeth, p. 7 o , 7 1

.

1 iif farther Explanation of the Fole of Conical hole of the

axis, p.72.

J Defcription of the Frame for keeping the Injlrument in its

JBerpendicularity^ and yet always in the azimuth of the ccleJliH

Obje^^
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Ohjen with ADigrelTio^of tbegrexfufe «f this Pr'mclflc id

vUtHZy cqudlingtimt, Clock^mrk, &c. p.7in

. 7hc %.iy Iffirtdmg 4» cxaCI right angle or^uAdrMt, more

pirticuUrly defcrihed And exfUined. An Ol^jeaton about th^

irjtqudityoftheDivifionsMnftver'd. jP-?4'75.

Some lifes of this hjlrf^ment hmted : i. For meafurmg the

KefrMaionoftheair. 2.Forreitaatiftg tkepUceofthefixt Stars.

M. Ofthe FUrtets. 4. j^^^^g Latitude of places. 5. For

examining the influence of he Planets on the Earth. 6. For mea-

furin^ A Dezret, whtch rva4 the cdufe ofits Contrivance. 7. For

tneafurtng ften Dsftances. 8. For tahng the Diameters of the

Sun, Moon and Flanets.
, ,^ P*^^'

If'here by the By are mention d tm other Injfruments ; one

for taking Diameters to Seconds ; dnd nfecond for looking on the

Body ofthe Sun, mthout harming the eyes. p. 78.

A ninth Uf€ for LcvelUng , &c. rptth a Jbort ConcU-

fion.
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SOME
ANIMADVERSIONS

On the firft Part of

H E V E L I V S

His MACHINA COELESTIS, 5fc.

...v

A V I N G lately pcrufcd a Difcourfe of Hevelim,
newly publifl)ed,cntitiilecl,Jo^/f;jWj HevelitMachmii

I

Cctlefits.pArs prior OrgAmgrgphiamfive mfirumentt"

rum Afironomicorum omnium quibta AuUr hA^tenns

fiers rimatu4 fir dimenfu4 eft accuratam delineattortem dr defcrip-

tionem, flurimis Uonihta art imifu tUuftrAtxm (jr exorrfatAm ex-

h'tbens^ &c. and finding it a Difcourfe about practical and
mechanical Knowledge, and of that kind wherein Geonietiy

feems to be more then ordinarily concerned ; I thought it

might not beungrareful to my Auditory, ( nor improper to the

Subjea o/Sr.JOHN CUTLER'i LeBureMi^h ispArtlyMecbA-

meal aadpartfy FhjJicAl) to confidcr a little the Contents there-

of ; Ana fomewhat the rather too, becaufe having heretolore-

communicated CO him fomewhat of this Snbjed,which I had oc-

cafion to read in this place in one of my former CUTLERIAN
Le6nres, I find he hath made fome AnimadverfioDs and re-

flexions thereupon.

A I
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I find then ihac this excellent Perfon hath been for the moft

part exceedingly circumfpeft, to find out the inconveniences

and difficulties that doaccrew to the beft Obfcrvators, even

with the bcft inftrumenis, and has net been lefs indufhious to

find out ways to obviate and overcome them , In the doing of

which, he feems not to have fpared either for labour and vigi-

lancji', or for any coft and charges that might Cifc6 his pur-

pofb; f6v which he hath highly merited the efleera ofall fuch as

are lovers of that Science : But yet if he had profecuted that

way of improving Agronomical inftruments, which 1 long fince

communicated to him, f am of opinion he would have done
himfeif and the learned World amuch greater piece of fervice,

by favinghimfclfmore then f^of the charge and trouble,and by
publiiliinga Caralogueten times more accurate. For though

J doubt not in the leaft but that he hath by his own extraor-

dinary diligence, care and cod, correfteS' 1l?veral miftakes

and errors committed by^thealTiihntsof the Noble T/V^^> : yet I

am not fatisfied that his inftrilments are capable of making Ob-
fervations more accurately then thofe oftfch§^ though 'tis pof^

fiblethey mayilo it>nvith fomewhat lefs trouble and inconveni-

ence. . Forfirft, I find that thofe of Ttcho were as large as

thofe of Heveliusy and confcqucntly were capable of asaccu-
rateand minute divifions, and ofas long and convenient Sights.

Secondly, I find that the Sights made ufe of by He*veltus are

the very fame, at leaft not at all materially differing from thole

of Ticho^ being only naked Sights, made by a flit and edge,

ferving^only to regulate the direftion qf the naked eye, but no
ways-capable ofafTifting the eye to diftinguilh more accurately

the objcft. Thirdly, ^l find that though the way of DiviCon
made ufe of by Hevelim , be a very ingenious invention,

and that which is Geometrically true and certain, yet if we
confider the great difficulty there is in Mechanically perform-
ing it, wefhallfind it not much pref(|n»ble, i^J^Sgether as

good as that of Ticho. And 'tis plairlfcough Ticho him-
feif was not ignorant of it, thdughhi^articular reafons why
he made no more ufe of it, wecetrainly know not; 'Tis very
probable, bccaufc he though.t it not altogether fo accurate, as

that he did make ufe of. Forfome\^4>at to this purpofe he f^ys

himfeif, in thefecond Book of hisObfervationsofthe Coujctof

1577.
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the DiVifion by Diagonal L.nes
, ^ aU^h^rum .n din.^Zl

fo,» qu0d .Uam mdtu d, bwc sn„U exqmfii.ff-Jam exocruu Im

TJ'7'"1i inUm Li/ mIrSi.mqmdu reetx l,nc^,nfiMtcrd,ffert, cUra pmnc cr„ri,ve-a,gmm cmvemtnter of^UcAtur. 'Jis true, 7uy, Objefiion
aga.nftthis way of Dmfion by Diago.«ls.s ,„ateriaI,as toa Ce"
otnetncal accuraceDefs, but hisAnfwer to it is altogether as
.,«tenal that though .t be not exaflly true, yet it doth infel
khtcTifrre, and folong as the error is not difcovered by
fenfe there an be no error cou„„itted in obfervation { and
indeed ihc whole n.atter both one way and the other is infigni-
ficant, andbutavaincuriofity to endeavour to divide an in-
ftrument into feconds, or parts finaller then a minute, for ifliall
by and by ftew that the eye can hardly diftinguift'u,i.,utes in
theob^eft

:
But were fucb nicenefs of Divifionof any ufe 'tis

eafily enough to be done to Mathematical truth; for as /'fliall
anon fliew, there is a certain diftanceof each of the paraliel
Circles, which being given, the ftraight Diagonal Lines will
divide the degree, by the interfeflion with tbofe parallel Cir-
cles, into exadly equal parts, which would have better an-
fwer d r»fA<,sOb;ea.on, had he known it, which 7 wonder,
i confefs, how he could over-fee, fincehe feemsto bavefpent
many thoughts on the matter

; but this only by the By beaiufe
/ fliall fpeak more at large ofit afterwards. But he proceeds
to this other way of Divif.ons, which he, as well as Ueveliu,,
afcribes to Nonmm ;yhereas the other that he approves of
came firft f«)m h«gUnd as it appears by a paflage in another

SuSfl
' ^ difcourfes fomewhat of the fame

Altert Divifi, td cUriffimi Mathematici Peiri Konnii in Li-
bello de crepufiulis pnfoJitUne tertia miutimem ferpluresauA-
drtHttsarcHS wtnrfam defcriftcs, & diverfmtd^c Cubdtvifo^prc-
ceitt\ttfimummhAcifS»»ffrimeingtmc{i Nonnii inventi,nt
dtqutd AuCfuaut loco txfedittus k Hobis additum fjl, haul exit-
I ter arcuj inplurimM partiH»cHi.is dividatur, neq; is crdt ant kh.
merKt *rcit»mfefetntrorfHm c<>ncmiUntium qutm iUe fr^finivit

A 2 j,i
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fed multo expediticr perfecfior ohfirvetur ; (/ am apt to think

he knew this very way,and here hints it ;) tamenquu h^c fub-

tHitas cum ad praxin deventum efi flu4 habcAt laboris quamfru-

^HS^ neque id in recejfu prdjlet quodprima frontepollicetury ut ali"

biplenins ojlendemiisjdcirco apud nos dudumtn ufu effe dejiit.

From which words, and alfo from what he fays in his firfl

Book of the new Scar in 1 572. pag.67r. fpeakingofthe com-

parifon between thefe two ways of Dlvifions, to wit, SitcU'

jufc/tnqj velit ingeniofa certe & apfrime utili6 eji difiributio^quam

C^^ egopojlea arcualibti^ graduum diviJionibu4 in quadrantibus fex-

tantibM armillis.non inconcinne aut infrugifere applicui, Li'

cet entm demonflratio ejm in foli4 reCiilineisfufcrficiebfis ad unguem

fe habeat ; tamen cum quinorum vel denorum mtnutorum (patium

in circttmferentiis majufculis 4 rcSiilineo infenfibiliter differat^

hie quoq^ ejus ufus fatis commodfu ratus effe foterit^ muUoq;

Nonniana plurimorum arcuum intricata dr dtjjicili fubdivtfione ex'

feditior aptiorq-^ deprehenditur. From his Difcourfe 1 fay in

thefe two places, and from feveral others difpers'd up and
down his Worxs, which 'twould be too long now to quote,

'tis evident thatT/f/;t> was not ignorant of this way ofSub-divi-

fion, fo much applauded by Hevelius^ invented by Fetrus

N^nnius^ and promoted by ticho himfelf ; an(l yet we fee he

prefer'd that way of Diagonals, fir ft made ufe ofin Eng/andby
the mofl skilful Mathematician Richard Cantzler, before it, rc-

jefting the one and making ufe of the other in all his Inftru-

ments. But either of them will do well enough if the Divifi-

ons be done with great circumfpeGion and care, and inflru-

ments of thefize of thofe larger ones both of Hevei/ud and 7/-

cho, are capable of Divifions ten times more accurate then are
needful for common Sights, be they never fo long, without
making ufe of either T/V/ro*s or Hevel/M*s way of Divifion,

the eye being unable to diftinguifh a fmaller Angle. To what
purpofe therefore is it to make the Divifions fo fine, or any
one part of the inftrument or obfervaiion more accurate then
another? fince the power of difHnguifhingby the naked eye is

that which bounds and limits all the other uiccncfs, and what-
ever part is more curious then that can equalize, is of no figni-

ficancv. For infhnce, in taking the altitude of a Star, ic

would be but labour loft to diftinguifli by the Diagonals, or
ocherwife
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otherwife toSeconds, whilftin the mean time you are not cer-

tain thac ihe Plumb-line is true CO a minute, or whilft >ouare

notable to diredt the Ruler, bearing the Sights roagrearer cer-

tainty then to that of a minute. And the like might be faid of

the extraordinary curiofity in any two pans, and ihe failure in

any third, that is eflential to anobfcrvation 5 as fruitlefs it is

to calculate jo feconds, when the obfervations are not true to

minutes, or to be certam by the Sights and DiviGoos to fe-.

conds, and uncertain in the Plumb-line to minutes.
.

There is therefore one thing in HevcUus Inftruments,

that though they be never fo large, never fo accurately divi-

ded, ofnever fo choice and convenient materials, and never fo

tradable for ufe, and never fo skilfully and induftrioufly ufed,

will notwithftanding make them all equal as to ufe, with one of
about two Or three foot^ radius of mettal with ticho's Sights

and Diagonal Divifions, which is occafioned by the limited

power of diftinguifhing by the naked eye.

• Soaiething to this purpofe I communicated to Hevel'm in

theyear,65. and hoped that I might have thereby fomewhat af-

fift^d him in his great and laborious Work, firft by eafing the

eye, and next by making it capable ofdiftinguilhing more ex-

actly, /having hinted to him the way how to reform and obvi-

ate that inconvenience by Telefcopical or Perfpeitive Sights,

as alfo the way of making inftrumencs of much lefs bulk, to do
ten times more then 'twas poflible to do with the largeft inftru-

mentsmade the common way. in anfwer to which he returns

me this Difcourfe, in a Letter to the Royal Society, in the

year 65.

MODUS ille ohfervAndi per TeUfcopu adminiculo Sex-

tantis vel ^uadrAntu^ videtur mihi ^ix adeu tutU4^

quAm vulgaris, ft finnaadia re^e acjufieJint affixa, Hac enim

fuftt immobilia ; Telefcopia vero nulla ratione adejfirmiter affigi

pcffurtP ut loco haud dtmoveantnr ; etismfi omni dtligentia juxta

methodum deferiptumper toturn Hor'tzontem expefiundo fintfemeI

ccUocata, Adhuc qukm arduumfit, ea ratione verum eortim bcum
indagare^ fatU [uferq\ expertf^fum y /icut vix videam^ an altcui

c'trcx



tircA rejl 'itutionem Tixarum Flanetarumq) admimculo e fjepfffflfff %

in Mdjorilms fctlicet illis diJia/Jtw cap'tendu : In minortbus, largi"

cr, pojfe aliqufd pr£jfars ; jed an Injlrumfnta, unifis Spitham^

radio infiru^s^ eiaborart fojjmt multu exa^ifss, qunm ofttma quie-

ifiiy vulgares Dioftrns habentia^ Itcet 60 fedum radifi elaborata^

mllem adhuc affeverare. Multa namq\ in Iheorih vidfntur ccr-

tiJUima, qM in frsxi
'

frtis longe nonnunquam a %er9 recedunt.

Si quis mihicertas obfervattones quarundam difiantiarum qtti*

dem hixarum^ ctrca hcltpticam & ft^quatorem exijlentium^ il*

lis ipjis Injlrumeniis, Dioptris Telefccptt is inflrulfis habitat ex*

hiberct : (^utpote diftantiam Lucid^ ^ a Faltlicio • Palilicii a Pol-

luce', Follucis a Keguh; Regult a Spied ^ *, Spies ^ a Boreal,

finift. manus Serpentarii \ Boreal. fint(l, m inus Serpentarii ab J'

quild
;

Aquilaa Maroab ; & Marcab a Lucidd Arietis) vellem

protinus de rei iUius certitudine (jr meurn quale qualejudiciumfer*

re 5 fed antequam cm obfervattones obtineam^ judicium[ufpend^.

Interea utiq,fateor ; Ji quis adminiculo min$ris cujufdam InfirtH

menti obfervationes corforum Ccelefliumperageri fotefi^ multofane

ilium ejje feliciorem^ variis de cimfsy ro, qui per majora idpra^

Jlare allaborat. Raticnes dividendi Injlrumenta, diverfa quidem

mihi probe cognitd funt \ eafq; etiam in ufum tranfiuli ; num
autemfint eadem quas Clarijfimus Dominus Hookius ncvity ac

invenit^ me prorfus Idtet : SiiUinon adverfum ejl^ rcgo^ utprg'

cipud^ communicet^ ego ut medi intelligat rurfiis ftudebo.

Since which time / have not fent any other defcri prion of
inftrumems, fave chat of the manner ofroakingand ufinga Tube
for a 60 foot Glafs, which iamniach pleas'd to find he makes
life of, and ftiould gladly have commiinicared anv thing fur-

ther, if i had not found they were efteemed infignificant. /t

^ did much trouble me, / confeA, that / could not prevail with

him to make ufe of Telcfcopical Sights at leaft, fince with lefs

trouble he would have afforded the World Obfervations, and

a Catalogue of the Stars, fen times moreexaft. And / am the

more forty to find that he hath proceeded rofinifli bis Machins
C(e'ejlisy by inftruments not more accui^ate then thofe of Ticho^

and that heftill remains in the fame opinion of Teltfcopical

Sights, and other improvements of inflrumenrs. For pag.293.

of this fii ft Part of his Machtna Carlejlis, fjx-aking concerning

i.> V lights,
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Sights, he fays, Foffibly fome may wonder that / do not make
ufe of Telefcopical Sights, fince they are by fome accounted

better and more accurate, infomuch that there is one in the

World hath proceeded fo far , as to fuppofc Telefcopical

Sights to be ten, twenty, thirty, nay forty times more accurate

then the common Sights ; and that 'tis poflibleto make anin-

ftrumcnt of a Span Radius to do more with Telefcopical Sights,

then an iuftrument of 60 foot with the common Sights.

Twould be a thing of much moment could it be done, and not

to be valued by money, but many things do feem true in the

Theory, which do not anfwer upon Experience. You may
perceive by comparing this (lender Refutation with his Letter

before, who he means by the AfTertor of Telefcopical Sights.

But / am troubled he fhould think them fo flight as not to

defcrve one tryal in feven years time
,

efpecially fince by
explaining the manner of making ufe of them much in the

fame fenfe with that which Ifent him, hefeems to have un-

derftood enough of the way to have made ufe of it ifhe would.

As to his Obje^ion, That theGlaflfes are apt to be broke, and

the Pins or Threads are apt to be bent and broke, there is not

the'leaft colour for it, for they cannot without much labour

anddefign be broken or put out of order, but if they were,

it might as well be faid, that the Plumb-line ofany ofhis inftru-

ments may be broken, or his Sights bended, andthelike, and
therefore thofe fcftruments were not toh)Cured. But thefe

Objections /fliaft not urge againft his inftniraents, nor a great

many other / could produce oflefTer moment, but only this one

which is very fundamental, and cannot any ways be helped

but by the help of GlafTes, and that is, 'Tis impofllble with

Sights made after ticho's or Hevelius his way, to diftinguilh

any difiance in the Heavens Icfsthen ha'.f a minute, or thirty

Scconds,and hardly one ofa hundred can diftinguilb a minute.

And this being proved, what will become of all the machi-

nations and contrivances for gt^eater inftruments, to fhcw the

Divjfionsof fingle or double Seconds ? May not fingle minutes,

nay half minutes, by the help of Diagonal Divifions, be fuffi^

ciently dijinguifiied in an inflnmienc of three foot Radius?

What need is there then ofall the other cumber ? Cerrainly any

ooe that will but try with the one and the othef inftrument,

will
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vvillfind himfelf able to do as much with an inftrument of three

foot, as wichoneof threcfcore, fince the eye cannot diftinguifb

a lefs Angle, acleart none that /have yet nice wiih hitherto.

Who is there that by his bare eye can diftinguilh any of ihe Te-

lefcopical fpots in the Moon, though foine of them are above a

minute in Diameter ? As for inftance. Who can fee Mount 5"/-

nai, fo call'd by Hevelius, which is a bright fpot in a dark

field, and confequently muft appear near two minutes in Dia-

meter to the naked eye ? Or who can fee the Falus Mareotisy

or the Lacus mger^ which are two dark fpots in light fields, and

each more then a minute in Diameter f Now if the eye cannot

diftinguifli a fmaller objeft then appears within the angle of
half a minute, 'tis not poffible to make any obfcrvation more

accurate, be the inftrument never fo large»

Now that any one may prefentl y fatisfie himfelfof the truth

of what /alTert, concerning the limited power ofthe naked eye,

as to the diftinguiftiing ofAngles ; Let him rake a flicct of white

Paper, and thereon draw two parallel Lines, asOO, and P
P, in the 28th. Figure, at four or five inches diftance, then

draw as many other fmall lines between them at right angles 10

them, and parallel one with another, as he thinks convenient,

as aa, bb, c c, dd, ee, ff, gg, hh, i i, f^c, and let

them be drawn diftant from each other an inch, then let him al-

ternately blacken or (hadow ihefpaces befween them, as be-

tween a a and bb, between c c and dd, .|:etween ee and
ff, between gg and h h, between ii and kk. between 1

1

and mm, c^c. leaving the other alternately white, then let

him expofe this Paper againft a Wall open to the light, and if it

maybje fo that theSunmay fhineon it, and removing himfeJf

backwards fc r the fpace of 2877 feet, let him try whether he
candiftinguifh it, and number the dark and light fpaces, and
if his eyes be fo good that he can. then let him f^ill go further

backwards and backwards from the fame, till he finds his eyes

unable any longer to diftinguifli thofe Divifions, there let him
make a Hand, andmeafure the diftance from his eye to the a-

forelaid Paper, and cry by calcuiation under what Ang'eeach
ofthofe black and whirc fpaces appears to hi^ eye, fo by that

mean' it wi I fe manifeft how fmall an Angle his e)t is capable

of di/tirguifliing, and beyond \\hich it cannot reach ; Which
being
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being once known, he hath a Standard, by which he is able to

limit the bignefs and exaftnefs of his Inftruments, if he make

ufe of conimon Sights, bc}'ond which all magnitude and curi-

cfity is not only ufelefs, but of much detriment upon many

accounts.

This is thatConfideration which I could wiHi had occur'd

both to Ticho Brahe and to HeveltM^ efpecially to the latter,

who hath fo earneftly endcavour'd to out-do ihe former, and

for the accompliflin^cnt thereof, feems to have fpared no

charge, labour, or endeavour he was able to expend. I hope

at leaft that this publick notice will for the future engage all

fuch as (hall attempt this Work, to be as foliicitous about aP-

fiftingthcEyeinthedifcovery ofthepansof theObje6, as of

diftinguilhing theDivifionsof the fnftrument, for thedoingof

the one without being able to reach the other , will avail

nothing.

Thofe therefore that defireor need Inftruments to make Ob-

fervations to Seconds, muft take another courfe then any that I

know yet defcribed. *Tis true indeed, That Altitudes of the

Sun may be taken, with the Sights commonly iifed for that pur-

pofc, to whataccuratenefsisdefired, ifthelnftrument be large

enough, becaufe the Image of the Sun being tranfmitted by the

upper Sight through a fmall round hole, is reprefented within

a Circle upon the lower Sight, and by means of the eyes ap-

proaching near that Sight, 'tis poflible by Inftruments large

enough, to arrive at the accuratenefs ofa Second, in Obferva-

tions made of that kind. And fomewhat of this may be done

alfoby the Moon, when very bright and clear, but in all the

other celeftial Bodies it has never yet been done.

But then if we compare even this way with that of Telef-

copes, uterisfmbm^ we (hall find it muchftiort, both as to

clearnefs and diftin^nefs, and therefore even here alfo Telef-

copical Sights are to ^De preferred, as! fliall fufficiently mani-

fert hereafter more at large, when I come to defcribe my own
Inftnmienis for this purpofe ; for I doubt not but to make it

fufficiently plain, That by the help of an Inftrument I have

contrived, of three foot Radius, I will be able to make all

Obfervationswhatfoever, ten times more accurate, excepting

thofe of the Sun, then any one can make with thelaigeft In-

B ftrumenr,



ftrunient, defcribed either by ticho or Hevelim^ and to ma-

nage the fame with a quarter the trouble, clutter, and ^ffarx-

/iK^necefTary to either of theirs^ and toniake the Divil'ionsas

accurate and fenfible can be defired.

For ilic doing of which, 1 wiil flicw, Firft, How to make
the Plain of the Inftrumcnt, thac ic fliall not be fubjeft to bend-

ing or warping, and yet be fo light as to be eafily manageable.

Secondly, How ro make the Divifions on that Inflrument, fo

as todiningulfli certainly and exa6ly co Seconds, without any

trouble, or wearying the fight. Thirdly, I will flicw how to

make the Sights of that In'.trumtnt, fo as to diftinguifli the

parrs of tiie CLjciJl to Seconds, if need be, even by ihofe who
cannot diftinguifh to Minutes with common Sights, certainly,

and without fallacy or error. Fourthly, How to make the

Sights, f) as to fee two Ob;e6s, though never fo far diftanr,

with one glance of the eye. And Fifthly, I will (hew how to

adjuft the Perpendicular, fo as to fet it cxaftly upright and

plain to a Second, fo that if ic meets with a diligent, accurate,

and experienced Obfervator, it will ferve to make as carious

Obfervations as are hitherto dcdrablc. Sixthly, Iwillftew

a way how to fix this fnftrument, either for raking Ahiiudes or

Azimiihs, fo as to be manageable w ith the leaA troub'e imagi-

nable, for Obfervationsof that kind, and tobeal\^ays ftcady

and fixt in any* Perpendicular pofture, ro whatever Aziroith it

be apply'd, .Seventhly, I w ill explain an exad way for fixing

the Inflrument, fo as to take the Diftances of any two Stars,

orceleflial Object, and feveral other contrivances of the like

native. But of each of thefc hereafter, after J have examin'd

over the feveral particulars mention'd by Hevelm, in his De-
fcriptionsof the fnftruments and Contrivances made ufeofby
Eimfclf.

Topafsbythen his long Preface, and the Difcourfe of In-

ftruments in general, which he hath premifed in the (irft Chap-
ter 3 [ fliall proceed to an examination ofthofe Inl^rumentsof

his own, which he doth more fully and particularly de-

fer ibe.

The firfl of which kind I find to be a Quadrant of Brafs,

w^hich he dtfcribcs in the fecond Chapter, and begins with
that fir/l, as being an Inflrument which he leaft eftecm'd^ and

which



which at length he made noufeof, though for many Reafons I

think of a quantity big enough, to be as good, nay bet ter, then

any he made uie of. But ofthat anon.

This Brafs Quadrant was of three foot Radius, and fowcH
fitted withcrofs Bars, and firengthned, that ic was not fubjeft

tdiwarp or bend 5 it had alfo a convenient Pedeiial, and was

made eafie to be removed from place to p'ace ; it was fufpend-

edby a Cylinder placed on the back-fide, in the Center of

Gravity of the Quadrant, and could by this u^eans more eafily

be moved to and fro to rake any Altitude, then that way of I/-

f^o's, nvho fixt hisCyiinder at the upper corner ; But it hath

this of inconvenience that T/rVs hath nor, nauie'y, That the

Plumb-Line or Perpendicular will be longer before it fettle,

and the Inftrument fomewhat more apt to warp. The Sights of

it are the fame with that of Ticho^ and indeed thebeft of Com-
mon Sights, now commonly every where njade ufc of in Inftru-

mencs of that bignefs, but far inferior to thofc which are made

of Gla(Ies, as I fhall afterwards prove.

The way of Sights which hedefcribes, fAg,^^, for takirg

the Altitude of the Sun, is very good, but yet far inferior to

one (icted with the Objcft-Glafs ofa Telefcope, though he had

omitted the Tube, for he might thereby have enlarged the hole

of the upper Sight to uhat bignefs he pleafed, and confequent-

ly have made the image of the Sun as bright as it fliould be

thought convenient, and that w ithout any n)anner of Penumbra,

if the lower Sight were placed at the due diftance of the Focus

of that Objedt-Glafs. And therefore ido wonder at his care-

fulnefs to inform his Reader ari^hr, for fear he fliould undej-

ftand a Telefcope by the Tube he made ufe of, to keep off the

advenritious light from the lower Sighr, faying, Ptr

Xuhum AUtcmmi Le6tormn inteU'tgo Telefccfturn nhqutd lentihtss

hJlri^Sium^ fed fUrte nudum ex charta conpruUttmTuhulnm^ as

if he had fome dread ofmaking ufe of Glalfes in any of his -ights.

Whether it were, that he fuppoftdGlalTesto have fome hid-

den, un-intelligible, and myHerious way of repreftnting the

Objedt, or whether from their fragi'ity, or from their uncer-

tain refraftion, or from a fuppofcd impoffibility of fixing

them to the Sights, or whether from fome other m\llerious

caufe, which / am not able to think of or imagine, / cannot

B 2 tell.
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tell. Sure / am, that none of thefe i have nained, are any

thing at all confidcrablc Objeftions againft ihcir ufe, and 1

have been fo fully facisfied of the exceeding great ufe, nay ab-

folute neceflity of them in curious and exadl Obfervations,

that I do aflure him there is not, nor can be any confiderable

Objedlion againft them, which cannot eafily be anfwer'd, nor

any inconvenience, which cannot with eafc be obviated and

rci^ified ^ ofwhich I fhall fay more hereafter.

The Divilions of it were made wholly by himfelf, with ex-

traordinary labour and curiofiry, infomuch that he (ays, he

could not only diftinguifli each minute ofa Degree, butalmoft

every quarter of a minute, fufficiently accurate for his Com-
mon Sights, ifhe could have only diftinguiflied every ha'f mi-

nute, and indeed much more then moft mens eyes are able to

reach. He feems to have been at infinite trouble and pains, to

perform the Divifions made by the help of Diagonals, cutting

parallel Circles, a way made ufe ofby Ticho, and now fo com-

monly known, that / think /need not fpend time in the Expli-

cation thereof, only /mufl take notice. That whereas hefup-

pofes thefe Qrcles to be equally diflant, he ought to have pla-

ced their Diftances according to the Proportions of the diffe-

rences of the Secants of fome ten minutes,ne\t fucceflively fol-

lowing one another in fome Degree of the Quadrant, which is

cafie to determine, from theDiftancc of the twoextream or

bounding Circ'es ^ ofwhichmorehercafier.

Now though the Circles ought not according to the ftrift

Rules of Geometry, to be equally diftant from each other, as

Ue'velm feems to fuppofe, yet / confefs , unlefs the fpace

wherein thefe Circles lye be very large, and the parts of a De-

gree that are robediftinguiftit, veryfmall, there is no necefli-

ty of fo curioufly diftinguiQiing thofe unequal Difhmces, but

they may fcrve well enough for ufe, if they be taken equal, as

i/(fi/^//«^ fuppofes, and indeed much more accurate, then*tis

poflible todiftmguifli the-Objeftby the bare eye ; and there-

fore / (hall not need to infift upon the further Explication

thereof, tfpecially becaulc whcn/cometofliewa more accu-

rate way of Sights, / fliallalfo (hew a much more accurate way
of Di vifion, then either of thofe two of 7icho Brahe, or this fee

down by Hevdita^ which is much the fame with one of thofe

which
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which was roo years fince made ufe of by ticho^ and dti'cT'X'

bed, and is by him attributed to an Englifh Mathemati-

cians.

But becaufe this induftrious and careful Perfonput himfelf

to the trouble, ofmaking and examining the Divifions himfelf,

I could heartily have vviflit he had thought upon fome fuch way
as this, which i here defer ibf, and call a Compendium of Dia-

gonal Divifions, it being a way, whereby as ^of the trouble is

faved, in performing the manual operation thereof, fo I judg
it to be much more certain, exadt and plain, then the other way
of Diagonals. My Reafon for the firft is plain, The Divifion

of one Degree fcrving for the whole ninety : And my Reafons
for the fccondare, Firft, Becaufe it is much plainer to be di-

ftinguifted, then by the help of the edge of a Ruler, lying

over the Diagonals, one being able to fee but one part of the

Diagonal. And Secondly, I think it much better then a final!

fiducial Thread, which is very apt to be bended and broken,

if it lyes clofe to the Superficies of the Diagonal, and if it lyes

at a diftance, a skew glance ofthe eye will much alter the feem-

ing interfedlion of the Diagonals, wliich inthii way are both

prevented. The way then in fiiort is tlothing but this 5 Take
a thin piece of clear Looking-glafs Place, well fmoothed and
poliftiedon both fides, and large enough one way to cover the

whole breadth of the Rim of the Quadrant, on which the Dia-

gonals were to be made, and the other way to cover two or

three Degrees, ( this I do the bigger, that the fides of the Arm
may not fhadow ordarken the Divifions and numbring^.) Sup-

pofe a a a a in the 29th. Figure," Plate 2. to reprefcnt fuch

aPi'ate, upon this Plate defcribe with great care a Degree of
the Quadrant you would have divided, and compleat it with

all its parallel Circles and Diagonals, as you would have done

any one Degree upon the Quadrant, and if the Rim of the Qua-
drant be very broad in proportion to its Radius, you may by
the Table of natural Secants or Tangents, fct the parallels at

their due Diflances, but if the Rim be narrow, 'twill be fufii-

ciently accurate to make their Diftanccs equal. Thefe Divifi-

ons muftbe done with Compafl!es, pointed with fmall Diamant

Points, in the manner of thofe wherewith Glafiers cut their

Glafs. ThcGlafs being thug divided and lined, mimber rhe

Diagonals,
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Diagonals, and place it in the Frame of the Ruler, with the

lined fide next the Qiiadrant, fo that moving \z to and fio, the

fide of iheGlafsmay iiuniediately touch theBrafsRim of the

Quadrant. This Brafs Rim nnifl be divided kito 90 equal

parts or Degrees, and at each Divifion rtraight Lines drawn

from the Circumference towards the Center,the whole breadth

of the Limb, ( at leaft as much as is made ufeof for t!ic Glafs-

P!are, for the breadth of the Diagonals) the Frame to carry

this Plate is a convenient Cavity, left in the moveable Arm of

the Qi^iadrant, the whole maniier of which will l")e better under-

ftood by the Delineation thereof, to which llliall therefore

refer the Reader. TheDiftancesof the parallel Circles if un-

equal, may be eafilyfet down true, according ro the numbers

of naturalTangents or Secants, witha pairofCompaflTes, con-

trived like Beam-CompafTes, but having its Points to be fet at

any diflance, defired by the help ofa Screw, moving upon one

fide of the Beam, which I may have occafion to defcribeelfe-

where more properly, and therefore will here omit it.

Next, If this way had not pleafed, I could have wifhed he

had known this following, which is altogether as eafie, and as

Geometrically true, which I have contrived, and have made
fmall Inftruments thereby to fhcw very minute Uivifions, very

eafily and very plainly. I ftrike then upon the Limb of the

Qiiadrantl would divide, being firftmade exxeeding fmooth

and plain, aCircu e very fine, and as lightly as pofilbly I can,

fo it be but difcernable, and by the help of a very large Qua-
drantal Dividing Plate of ten foot Radius, I divide the faid

Qiadrant in the faint Circle above-mention'd, into 90 parts

or Degrees then by a peculiar contrivance of a Very curious

Point that ftnkes with a Spring, which I defcribe in another

Difcourfe, the faid Degrees are marked upon the Plate by cu-

riou
, fmall, round and deep holes, thefe are bv another Line

without it, which is divided and figured the Common way,

diftingulflied and numbredby Figures, according" to the Com-
mon manner. Then for the fub-Divifions , I make a fmall

Ho!d-faft by a Screw, which is fixed on ro the moveable Arm
of the Quadranr, this ferves to hold the end of a Diag ma!

Hair, the other end of which is ftrain'd over the Supplementary

Degree, till it lycthdiredly over fome prickt-Holeo^thecuri-
'^ ous
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ous Divifions, on the Limb of the Quadrant, this gives me the

fub-Divifions of che Quadrant, to what accuracenefs I cJefire.

The Supplementary Degree is a Degree of a very large Circle,

put on upon a faiali Rule, fixed on to the fide of the moveable

Arm, whofc Magnitude and Diftance is found by this Propor-

tion, as the Diltarce bet\Neenthecnd of the fmall Hold-fall and

the pointed Circle, is to the Radius of that Circle, fo make
the Diftance between the faijcl End and the Supplementary Cir-

cle to the Radius of that Circle. This wil. be more plain by
a Scheme. • •

.

Letaaa in the 30th. Figure rcprefent aQiiadrant, bbb
a very fine Circle, ftruckon the L.imb of the QiJadrant, from

the Center 1, which by a large Quadrant of 10 fjot. Radius,

I divide into Degrees, and by a fpringing Point ilrike fomany
fmall Points, and number them to 90. beginning at ro, and

numbring towards i. Let d d reprefenc tlie moveable Arm,
c c the hold-fafl, fixed upon the fide of that Arm, which by a

rma!i Screw pincherh and holds fafl a very fine Hair at k, ee

the fmall Ruler fixed at right Angles, with tlie Line I k f, in

this Line (through the Points I and k) I take a Point, as f,and

through f I fir ike a part of a Circle fg, vvhofe Center is

fomewherein the Line f k I produced, which 1 find by reviv-

ing this Proportion, as k i is to li, fo will k f be to the Ra-

dius of the Supplementary Circle fg, which will fall fame-

where in fkl produced, towards I, then rake a Degree of

that Circle, which will extend from f to g, and divide it in-

to as minute Divifions as are necefiTary, and number them frOm

f to g. Now to find what Angle the Sight dd maketh wi^h

the Sight m m, I firain the Hair h k, till I find it lye over the

next Divifion Point towards the right hand, and obfcrve in

the Ruler e e, what parr of a Degree is there marked, and on

the Circle bbb, what Degree is mark^d^^ the fum of both

which gives me«tlietrue Meafuie of the Angle d d 1 m. But

thisonly by the By, and I will not no\»' further enlarge on the

Explication thereof, defigning it for another Difcourfe,

where I (hall dcfcribe various. Mechanical and Praftical ways,

of accurately dividing Lines, into any aflignable number of

equal or proportional parts.

To proceed then where I left off, to the examination of
the
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the Inftnimentsoffl^W/<»f, 1 find that together with the Brafs

Qjjadrant I was fpeaking of, hedefcribes two Contrivances

about it 5 Thefirftis, How to fee it prefently to an upright,

without the trouble of turning the Screws in the Pedella),

which is plain enough, and fo much the better ; but it hath this

of inconvenience, that it nniftbe altered for every Aziniith,

which is a very great one, and which by another way altoge-

ther as eafie and plain, may be avoided ; of which more here-

after.

Another Contrivance about this /nflrument, is a fmall Screw,

for moving it and keeping it fteady in any pofture in the fatne

Aziniith, which is convenient enough, but will not perform

what he afterwards fuppofes it capable of, as / (ball afcerwards

. fhevv.

The fecond /nflrument, which in the third Chapter, fdg,

102,103, drc. 10%. hedefcribes, is a Sextant of Brafs, of

rhree foot Radius, carefully made, and divided with the fame

care and after the fame way as the former. The Sights alfo are

much the fame, only whereas in the Quadrant he makes ufe of

a Plate, with parallel edges for the Sight that is at the center,

and furtheft from the eye ; in this he makes ufe of a Cylinder,

whioh way alfo Ticho made ufe of 1 00 years ago, and hath been

ever fincc made ufe of. The other Sights next the eye are the

fame with the former : There is nothing fingular in the Pedc-

ftal, nor in the Ball and Socket, only 'tis fomewhat" bigger

then ordinary. His way of moving and fixing the Rule of it is

convenient enough, and the fame with his /nftrument for moving

and fixing his Quadrant, but 'tis not capable of performing

w hat he i>romifeth for i t

,

The third /nflrument, which in the fourth Chapter he de-

fcribes, is a Sextant of ifron, of four foot Radius, to be ma-

naged only by one Obfervator, by putting the Center next

the eye. The whole /nflrument is little differing from the

former, fave only that the Cylinder at the Center which is here

next thecye, is cover'd with another hollow Cylinder, which

is voluble and convertible about the former, and carries two

fmall Slits for the Sights, which performeth the fame as the

other Sights, but nothing more, and as the Author himfcif af-

firms, Is not fo accurate for ufe as the other Sextant, where

there
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there are two Obfemtors, and therefore was fcldom made ufe

of by him. But I fliali anon fliew a way by which one Obfcr-

vator alone fliall be able to rake any Diftance to a Semicircle

with much more accuratenefs and conveniency then any two
Obfervators can ; and therefore will be an Inftnimcnt of the

beft life for Aftronomical and Nautical affairs/or the perfcOing

both which I defign it.

The fourth laftrument, wliich in the fifth Chapter, from pagi,

I i4,C?c. to 123, hedefcribcs,isa Quadrant of fix foot Radius,

whofc Frame was all made of dry Oak , but the Limb,Sights,

Sockcts,^^. were made of Brafs, divided fo aJ to fee every

quarter of a Minucediftin(aiy, the Sights the fameas in the firft

Quadrant,and the way of fufpending it not nnich differing, fave

only, whereas in the former the Pedcftal was moveable, in this

it is fixt, which is much better. And the Inflrumcnt is kept in

an i^qMbrium^ by the help of counterpoifes hung at the end

of a faring, and caft over a PuIIy, as is more vifible by his De-
fcription. But this as all other wooden Inllruments doj he

found to fhrink and warp, and confcquentiy to lofc its exaft-

nefs, and therefore he made little or no ufe thereof, but laid it

afide,and made himfelf better of Brafs*

The fifth Inflrumcnt defcribed in the fixth Chapter, from

fAg. 123. to 132. is a Sextant ofWood of fix foot Radius,made

in all particulars like the former Sextant of Brafs of three toot;

nor has it any other contrivance about it confiderable, fave on-

ly a reft made to flip up and down for the Obfcrva:ors to refl:

their Elbows upon. But this Inftrument alfo he found to be

vitiated by the fhrinking and warping of the Wood,and there-

fore he laid [hat by alfo, and feldom made ufe of it.

Thefixth Jnftrumentisalarge Odlantof Wood ofeight foot

Radius ; this is made exaftly according to the Form of TiMs
Odant, and fervcs for taking any Diftance not exceeding 45
degrees. The Sights near the eye are made exa61y as the former,

but moveable, fo as to flip upon the Limbs of the Oflant^ the

Divifionsof itarepet/ormedby Diagonals as before, and gives

a greater nicenefs of Divifion then the Eye is capable of diftin-

guifliing in the Objed^, and therefore of little ufe.

And thus far the Author proceeded in T/Ws way.

But finding thefe Inftrumcnts which were made for the moft

C part
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f«rfof WobcHobefubJeft toFailcuf ' heaffJW^ to pe^ better

Inflniments Biadeall of Erafs or Iron, ana v^ i uly iaid afide

the reft as altogether nfelcfs. And 1 cannot but vtry much ap-

prove of his Jucigmeni in fo doing, for ceriatnly c^eterupAribm

Inftruments, well made of Brafs or Iron, are much to be pro
fcrred before the beft of Wood. En yet neither are all man-

ner of Wooden Inftruments to be rejt^ed; nor are all forts of

Metalline Inflruments free from error, though 'tis confcfled, if

they be made and ufcd wiih skill, ihey fiifier not any confidc-

rable or fenfible variation. Firll, I (ay, Wooden Inftruments

may be fo contrived as very near to equalize thofe of Metal, the

Joynts and Plates for Divifions orrly being made of Metal, they

being very eafie to be re6ified before, and examined after eve-

ry time of nfing. Such a one was contrived by Sir Chrrj}(fber

Wren^ being two fquare Wooden Tubes or Telefcopcs, joyn'd

rogetiicr at the end next the Objedl by a Joynt of Brafs, and the

Ang'e'madeby the opening of them, meafured by a ftraight

Rule*equal to half the Radius,divided by Diagonals into 5000
equal parts, which will by the help of a Table of natural Signs

or Subtenfcs, fliew the parts in Degrees, Minutes,and Seconds,

of which I think I acquainted Hevelius feme years fince. Next .

Brafs and Metalline Inftruments, if they be not very carefully

fortified againft it, are more apt to bend then even thofe of
Wood. And thebeft way I have found to fecure them true and
plain in all poftures is to lay them on a Table or Frame of
Wood, well fortified underneath againft bending , and by the

help of fmall Screws infeveral parts of the In(trument to ad-

juft it upon that Frame \ the whole Table and Quadrant being

fo counterpoised, as to be eafily moveable and fixe in any po-
flure. But Bevelitu is pleas'd, as I faid before, wholly to lay

afide all manner ofWooden Inftruments as ufe'tfs, and to indea-

vour I he obtaining of Inftruments of Brafs or Iron. Nam (fayrs

he pag. 1 5 6. ) cum longa exferientia frobe tandem dtdjcerimy

mnlto fecurim ejje ex fcUd^ p'crjus metd .'o okhure Infirumenu ,

tnm quo majora (jr ampUora eo ejfe accuraiioracj^ abfoluticra^ ad-

hdc prhribfis admodum tichonicum confruits plurtma deejfe qui"

hies ditari merit0 deberent
,

quod ttfdem de caufis omnino ne-

itffum fit, ut parte corri^erentur meliorentur , tarn ^r/a corum

matefUrn fru^u/am commothntm fac/litsMah dtvtfiofiem qndin
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glix diver[x ffshjtdia& ddmiftieuh.quoJu gptlfti exquiJif/uj^proTTtp'

tifts , mi lorique Uhoye^drc, mc temporu d/fpendio poffent iifiris ex*

poni ohfrrvatioricfque feragi, Icicnco omnem c uram atque opfram

pro temti irjgenii meificubAturnqn: mearum modulo a Ueb coacc^o

( reltqtu [Mmioribu4 ingemis Mqne gmpUori fortune l ir/s, Jive

poJlcntJti nojirji relirtqt$ens) adhibui • quo ms/Jora, tarn Itgrtea w
Htverfa ab Jfiris pUrte removerem^ atque in ejm locum ex pH^o

fulidbque metallo, orj^amtmihicompararem: quidem ejn^modi^

qu.e t/?figrti amplitudjne ejjent conjpicua^ Jtmul commoditate regen*

di, ftm (i altqaanto accuratioribtt6 fidhuc dtvijionibus, ad paulu fub"

ttliores obfcrvationes obtinendaa ^audcrent. His Reafoaing in-

deed is very good, that iincehe had from much and long expe-

rience learri'd, chat fnl^rumenrs of Wood after Ticho's manner,

were not to be trufled to by reafon of their warping and

flirlnking, and confcquently that Inftrumcnts of folid Metall

were much to be preferred before them, and alfo that the lar-

ger the [nftniments were, the more exadlly they could be made
md diVIded,and that the more cafie thev were to be moved, and

the more fteddy and fure they were to be fixt in any pofition,

the tuore convenient they were for life, he had therefore rejed-

ed ail thofe Inftruments which he had made after Ticho's way 5

and had indeavoured to procure for his o^ ufe fuch as were

complear, both for their matter and form, having caufed them

to be made of Metral that which could not be fubjedl to the

inconvenience of warping, fwelling, or fhrinking, with the

variety of Weather, or length of Time : And likewife of fuch

a bignefs as was cajfrable of receiving more nice and curious

Divifions ; and in the dividing them had found fuch contrivan-

ces , and ufed fuch diligence, that they were more then ordi-

narily true and exaft. As far as he has gone on wich thefe De-

figns, he feems to have been even profufc in his expencts, and

exceeding bountiful of his own care, labour, and diligence;

but I could have wiih'd heartily that it had been fome other

w^ay imp!oy'd. Thofe Inftruments which he chiefly laboured

to perfe6, he profefTcs to be Qi^iadrartts, Seftants,and OOancs,

after ticho's manner, rejedling all o'her fnftl'umcnts of whatfoe-

ver Figures, whether jRit^/V, jijlrclabs ^ Zodiacal or t^quino*

dial Kings, Paraliaofical Ifjjhnments or Hoops^ as more trou-

blefome, and Icfs accurate. But whether he hath in this his

C 2 choice
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choice been rightly advifcd, J fliall hereafter have uioieocca

fion to examine when 1 coi»e todefcribc an Apparatus of Jn-

Jftruments neccflfary for fuch a one as dcfigns to promote and

perftft the knowledge of the Coeleftial Bodies and their mo-

tions , wherein I fhall (hew that of fome Inftriiments rejeded

by him, there is a ufc abfolutely necefTary,

Thelnftruments therefore that he begins with are three fmall

Qiiadrants of Erafs ; the firft of two foot, the fecond of eigh-

teen inches, and the third of one foot Radius. Each of thefe

Inftruments, he fayes, were made fomewhat larger then ccmmon
Quadrants, to wit, of an arch of no degrees, which is to no

other end, but only in order to fliewthc fubdivifions of each

degree of the Quadrant, by the help of a new invented Per-

pendicular of Brafs wherewith each of them was furniflit.This

Invention is by him highly extol I'd for moft excellent and ufe-

full ; and to that end ismadcufeof for the divifion of all his

other Jnftruments, both great and fmall- Hear what he fayes

of it; ^uifcufique Jjuj/id rei (to v,''ii, the new way of fubdivi-

ding the degrees of the Quadrant) frimm fuerit repertory fuhli-

mes frofefto cogitationes exercuitjjec ipfo ad congruentem effe^um
iUducendoy dr inter frdjtanttfjinni inventa. meritiffimo refertur

,

quod etiam minora ^nJlrumeHta rcmotis omnibus tranfverfalibus

Lineis^ inJingula minuta eorumque farticuiai minima^ [ubdividi

liceat. Hcfeems indeed both here, and elfewhere in many o-

ther places of his Book to be highly pofTeft with admiration

of the fublimity, fubtilty, andextream ufefulnefs of this in-

vention, and fcems very much concern'd that the Author there-

of fliould not certainly be known, but dares not father it upon
any one pofitively. He fayes that one Bened/cfm Hedretts in a

Work of his which he publiflied Jnno 1643. about the new
and accurate Strudlurc of the Geometrical Aflrolab, dtfcribcs

it ; but he gathers that he was not the Inventor himftif, but ra-

ther that he got both this Invention and the whole Quadrant,
which he defcribes out of the Obfervatory,or rather Repofno-
ry of Ticbo Brakes InftrumentSj for tliat it feems Ticho was the

Inventor of this way of divifion ; and yet , as I noted before,

he prefcr'd the way by Diagonals much before it, whatever

Reafon Uevelius had to be of a contrary Judgmenr. What this

way is I ftall by and by explain. But in the mean time I am
forry
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forry to find He^ltM pymug with Hedrew in the Opinion or

Demonftration, as f/^-W/^j calls ir, that the Sub-divifions by
Diagonals is not capable of a Geometrical demonftration,erive-

ciaiiy in leflTcr Jnflnimenrs, v. hich have need of ttiany Circles.

J confefs 1 underftand not their meaning nor rearoning,nor w hy

it (hould be kfs demonftrable in IcfTtr then in greater loftru-

inents ; fince 'tis very eafily demonftrable both in greater and

lefler Jnftniments, and as Geometrical as any other way of Di-

viiion vvhatfucyer ; the Diagonal Line being alwayes a piece of

a Tangent Line, that is to fay, the fpaces between the Parallel

Circles upon the Diagonals are alwayes to be in proportion to

the difference of fome Tangent Lines, and the different difiance

of thofe Circles from the Center arc alway in proportion of

fome Secants : And the way of finding what ihofe Tangents or

Secants are, and confcquently what muft be thofe Diftances of

the Parallel Circles I mentioned briefly before, and fhall now
more fully demonflrate. From which I will make it evident,

that the Theory was not as Bedretts and Hevelius have fnppo-

fcd, uncapable of Calculation or Mechanical Demonftra-

tion.

But firft give me leave to fliew you what way tscbo Brahe
.

made ufe of to demon n rate, or rather to find out the true An-

gle unto each equal Diftance , which I find fet down at the lat-

ter end of his Mechanicks, as a Supplement to the refl. Di-

vifionis fun6tA habentistranfverjAUAmodM tulps ej}
^ 54 ^x-

frimitfigufA in quafinguU demmimtA per h 'tncol.is in decern in-

terfiitia ^jualia difcriminatum fun^tfs notdta. funt^ ficque reguU

jiduci(t quodcunque horum inter ohfervandum trdnjtens ipfum mi-

nutum grAAM^ quod quarebdtur promtf dut aliquotam ej/^ partem^

prout ab hoc vel illopurMo removeri difcermtur, Ut vero hoc e-

tiam demtnjlratum hie addam obfcioUsforte qaofdam qni ea qu£ nm
fatts cdpiunt carpuntJic habe»

In higurd 34. Sit A centrum Injlrumenti ejufque Stmidiami-

ter A O, affumstur dutem O I, Fdrticuld in qua dtvijio ijla per li-

mus tranfver^Mfit ed proportione qu^e efi i ad 4S. qualis in meis

Infirumentif utplurimum ufurfdtur. Cumque A I ponatur part//.m

I oooooooooo, integri Cdnonii majorts Rhetici^ erit eirundem O

I

208333^35 utpotepars quddragefima oBava radii Arcu: I V. (it

2o'.d^ I V. lo'.horumfinw 29088779 Y LSintu autemfecundus
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^to nndem 42308. VY. quiaddst/a l^V q»cd ^^i^dle eft O I fAck

N Y ^08375641, IntriAngulotgitur l^W adX recU/jguh ncta

fufjtdtij Latcral^Y dr Y [. quare datur biifis 11^ 210396208.
u/ti cum unoulo NIY 82* 3'. 10". 47'**. cmadditm YlA 89', 50'.

cfi»Ju:it N 1 A. 171'. 5 3'. io".47"\ Edjis vero N I trunguh

rch.wgnh N V 1 dividatur in decern firtes xqujilcs ut conventAnt

u'li mtnuto 21059621 reprefenUt£ per I Mpxq»e in trtangulo

obliqtierrgulo BI A. dsntur} duo\ Uters. IB c^r 1 A. rtdiud^una cum an*

gulo B I A idem ejl cum N lA 1 7 i ^ 5 9'
. i o". 4

7
"'. frifii reperto:

qusre tnnotejcit angul/^ I AB 1M ^''-qt^i tantummodo \ '. ryfir ^r^r-

rety iiuut mxjor fit [alt-em \ ". 7'*'. differends fane infenjii;iii: Ji'

rntliter /i F I ajfumatur.novenparticuLirum erunt eA 189356587
hal/ebimufqu: r/trfi^s trian:^u/um F 1 A in quo dantnr duo latera FI

modo dictum una cum radio I A. ^ angulo F I A ^ iifdem comfre-

henfovelut anteaexurgitque angulus 1 A F 9'. i". 6'". quidebebat

c(fe i'Jf-J^f?^ dejiciente in ultimo mintao F N. 1''. 6'". P^rro ut

circa medium idem tentetur quod nunc apud extremitates fecimut

inveniuntur eadem qua antea frimo Angulus I AH 5*. 3". 6"'.

abundans 3". 6"'. Secundo Angulas N A H 4'. 56". 55"'. deficiens

3". 5"'. Fatet itaquequod maxima differentia^ five adje^ivM,

five abhtiva in h.xcp^agmatia froveniat minimum quid ultra 3''.

quam [ubtilitatem vif$i4 acumen difcernere in quocunque tandem

/nftrumento nulUtenuj fufiinet, qujtetiamper feottofaeft^ quare

friiftra npdum in Scirfo qu£runtjtqui banc noftramfatis accuratam

dijfributtonisformam cavillari pi£fHmint. By which 'cis evidenc

that T/cA<>undtrflood an inequality, and what it was, and that

ir was infenfible, and fo not ro be regarded. Now 'eis to me
very wonderful indeed thatT/V^o having thought of a way of
cdlcu'afing this inequality, fhould not think of aneafie expe-

dient ofreforming it by putting the Parallel Circles at unequal,

but their due proponionatc diftances. And 'tis much more
Hrange thjt Hevelim (Lould ftill affirm it to be a way not Geo-
metrical : For to any one that confiders this proportion, the

inclinarionof a Diagonal Line being givcrl to find the true di-

flaiicesof the Parallel Circles that fli^l divide any afR^able
part thereof in any proponion alTigned: Nothing can be more
eale: and for more expedition ufe may be made of the Table
of Natural Tangents which is ready ca'cula'ed to hand. For
inQance : Let B C repreftnt a Diagonal Line fubtending an an-

• gul
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gul erf loV^ir the Center fPN^uce chefaid Line EC ro F,3rd

I« fall a Perpend I Giil^r, from the Center A to E. Suppofc
then the Angle at B to be one Degrte, then is B E ihe Tan-
gent of 89^ to the Radius A E. and EC is the Tangent of
bS. 50'. and the differences berwetn rhe Tangenrs of 88 50,
88, 5T. 88,52. 88,53. 88,54. 88,^5.' 88,56* 83, 57.
SS,$8. 88,59. and 8?. gives rhe Diilances of the ferera! Cir-

cles, C»r23456789 B. defired.

Since the Reading of this Le^^ure, Dr. Wal/h bath alfo (^e-

fcribed another way of finding thefe Difiances, v.hich he hath

couiinumcated in a Letter ro Hevelms^ and I have previa i led

with the faid Do6or to peniiit ic to be here printed. being very

ingenious and accurate, and proceeding by a differing me-
thod.

Dr. Wallis his Lttter to Hevel'm,

—O JED & (/? cur communi cmntum LiterAtorum nomine rehta

\^prtefertim caUcit addiSfcrum reddsmgratias turn 00 immen-

fos intAntoappArMtu fumptcs ertg/ttos,tam pr£tiofuvt conqui) endo fu^

pelleBilem Afiromm'tCAm^ ^raphice hie defcriptam^ turn oh inde-

ffjfos Uhoresy infomnes mCfes diefq-^ occufAtif/imos ccelejlis Acqvi-

rendi€ obfcrvAti(^ibMinipcn[cs\ quArum vim ingentem^ Ihefru-

ri^mfufraanrnm dr mArgnritus frdticjhm erudite orbi j.im Ante de-

deris^ plnrA dAturud indies^ verum non ejl ut fperem me verbis

4f0Mrefc^e tus merita^ qui ex frivAtopenufumptos plane Regi-

es ercgajli ^ onufq^ f^fi^P^ft' infeliciter^ Hercuieis Humerit

(ne AtUnteis dicAm^ formidAndum.

Oferis pArtem mAximAm jAm evolviy mirAtuj inibi tAnta mobs

Infirumentorum ingeniofifflwnm regimen^ ^ [ubtiliJJtmAm divi-

fionum adminiJlrAtionem^ cum fAri diligentia conjunctam in Re*

gulis Dioptrii folicite curAndu, quidemjihoc deejfet reliquft$

in cAjfum caderet labor ;
quippe extgum vix evitabilis in Re-

gulif Aut Vioptris error ^ totum Infirumentum vitiaret^ cmnefq\ ifj-

ficeret ebfervAtiones^ fedfingulti immorari non licet^ unum t^tmen

efi quod attingam breviter, nempe dtvifiones per Line/is Diagoni-

les^ circulosin limbo coneentricos oblique feeAntes. Hanc diii-

dendi methodumjAM diu receptAm, ipfe refines quidem merito^

circulosq\ hos toncentricos gquAlibm rntervAllis disjunilcs habes^

quod qusmvis in exiguorum auf etiam mediccrium Inprumentorufn

limi.i



( 24)

lfml?ts Utioribu! iliquid erroris pofftf inducere in tms tamen Unu
Amflitudinis Inflrumentis cum limbis extgu£ Utituiiims ( quod^
tu reHe mones) nihil quicquam erit difcriminis quod in fenfus oc
cttrrcre foffit, IJac tAmen occdjine libet hiefuhjicere, quod ea de

re'yim olim {cirU A, 1 650. 4ut 1 6$ i.) meditatefum, atq., apud

auverfdria men nunc referio : nempefi quis vellet mtHoris Imjirw

tneuii Umbum Utiorem Lineis Diagonaltbw Jic dividere^ quib/a

intervalla oporteat concentricos illos circulos difponere ut- angulos

invicem dquaies dejlgnarent ilia cum tranverfali interfeiitones

calcuU TrigonometricQ determinare.

Divifto Aretes in limbo quadrantis ( aliti^vl: ijufmodi Jnjlrtt-

menti ) per circulos concentricos dr re^am Didgondlem^ Ju Is*

t itudo l/mbi (KL=') Rdditts circuit intimi CAR=) R, extimi

CAZ=AL-) L+R«Z continentes dnguium^KAZsz) A. dividen-

dum in fdries qmtltbet /tqudles {qudrnmnumerus n) reCiis a,b,c,

C^^. (quarum longitudo quaritur)fdetentthus dd RZ didgondlent^

angulus d, /S, ^,&c. ddeoque dn^ulus RAas^-A, RAbss-j

A. R A c=r A, cJ'^. fxtque ARZ=0 & AZRa V* Ddtisergo

crucibus R, Z cum dngulo contento A. {ddeoque reliquorumfumms

O + V) inveniuntur reliqui O obtufus V dccutus.^ KdmX^ R.

Z-R : : \U tdngens ^1. tdngentem^ £^ ^ 2*^^ t = O.

deinde cognttis dngulis O&V^ {^ddeoque reliquo 0^ cum trdje^o

Idtere R hdbetur latus a. nempefim^Ki: finus O. a. & pdri

J V )oiA.u;c
mode ex cogntttsS o i A . C / <i

Prdxis fit R= r. L=o, 2. Z=r, 2. A=ro'. ergo Of V=
I79*. 50'. ^a89% 55'. /«»iZtR = 2, 2. Z-^R=o,2 ;:

2i!r= 687, 548S689. 02, 5®44427 = f^»g'^ cut refpondet

dngulus 89°. 5'. o". 17'". proxime. Ergo £l!t^v = 179"'

o'. o''» I i"\fere ct/jus finus o, 01 745 1 1 . nemfe idem quiJinus

Deinde [ecsndusfit A in \o psrtes quarum quxlibetfit i.qus'

runtur igitur a,b,c,d,e,f,g,f),i, nempe.

Sin.



x.ooooo^^R .

5<>i.*fc»5S'5p"43'")o.Oi7i(5o3. K^iiiSin 0=^0,0174511. 1.01^^4=3.':^+

SiH,$(o 51.5p.43' Jo-o*<^8d5>4. R=i:;«y^»^ 0=0.01745 1 1. i.o5448=.b.'75^

Si'f'yCo 5^'^9*iS* Jo.oi6'^ySo.) O.oi745iiri.o52<^4^c. '
'

^m.J^fo 55.55^.45. Jo.o J 62 877.3 o.oi.745iKi.o7i44=d.'
Sin,% (o 54.5p.45. )o.oi'y$$6^,) 0.01745 1 iT i.o^opi^e.

SinXCo 53*5P'43- JO'Oi 570^0,3 0.017451 1(1.1 iiio^^f.^^'^

5«>M('o .52.59.4j. J0.0X54152.3 • 0*01745 1 iO-^320'^^g-^'^^
Sin.^(q 51.5P-43' ^0,0151243.3 o.oi745ii(' i.i5383=»h.^^

Si)htCo 5c.5p.43. 30.0143335.) 0.01745 Iifi.i7<547*=i»^^^^

I.20000^Z.

Traxis aiurd fit K^i. L=o,t. Z=r,i. A=io". ^r^tf

179, so. 2iy=89'. 5.5'. tangensdli, 54886^3, 2, r.

0,1 :: 687,^488693. 32, 7404223^*= /4A5^. 1 8*. 15'. \'\

57"r^ ^r^. ^^t^-f=0=i78\io'. r. 57'^ ^«>J

mffttffma^ femicirculum i\49',58", 2*"^,c»jusftnm o^oiij^i-j,

ergo ' 5^=^
'

0 , /'i.ooooo^R
S/«ii=i.48»58.2i)=3'r692o)3f9827Vf.oo9i8=a
5/» c ; 1.47. $0.3^3=3 [40 13)^19^27 (1,0 18 s2=b 9 34 '7

5'/«>(i.46.58.2'^)=3ri 103)319827 ('1.01803=0 95
'

^9

5w./(i.45.59. i)=3o8i9S)3i9827(i.o3773=d97o i9

5/;».^(i.44.5?.2V)=r30529o)3r9S27.fi.o4762==e 9 9

90234O f^'°^769=f
20

29947O ('*°6796=-g^^7
2

2936^0) (1x89.11=1 *^*£.

290752) (1.10000— kl.T;

HdifeHus adverfaridy ubi dnos csfw expcndimM. nemp^cum
Utitudo Itml^i fonetur fars quin a dr pars dtc'tmA Radii breviiri'f^

dngulus dividends 1 9 mi/futa primA tafftafere •*C4/I«*v quaftm

tM*a feret vulgifts canon Ttigonometri^m : quidcin i^ltimdjmi»

Us in amh/guo efi . nu/J^ j9fto major »/4/ic.jufto miw, ^^ddium
Mutem ( ut eap foUo ) facio L ( ntflerumq;fit r 0*000000*

)

JIM omnes muUiplicattones dr Dtvijiones per Radtum faciendie

fr£cidsnti4r : Adecq\ Jinus babeo pro part/bus decimulibns, qnibtu

ttaq; cum ofw ejl
,

sifhrAs pntmitto quo di umus integri loc$

confii't. D . Simili



Similt frccejfu utendum ertt mutatis mutindisfi Utitudo iMs
fumatur in alu quAvis froptrtsone Ad Radii Icngitndiftem, Sed

commodius erit \ ad vitandam wolcjltam toties qu4trendi fartcm

froportionaUm) ut fumatttr angulus O commodd magmtudjms

C juflii mifjutis frimis dcterminand£ ahfq; annexis ficundis terti-

ijve) atq itA quaratur iiadii maximi Z Icngitudo^ eodemmodo

qua ReliquoT KPfi a, b,c,<:^f. puta fi in fraxifofteriorifumptout

friusK^i C^' dnguh A=i o'fumatur angulus Onon qui illic prodit

178, 10', I", 57'"- fed pot/us 178. io\ cujus comflementum ad

duosRelfos ffi 1 0. ^o'.hujusjinus in ipfo anone hahetur 0,0 3 r 9 9 2

2

C-r rcl quorum item t^Cyy^l^f^c^finusjimiltter ibidem habebuntur^

ut una tantum divifione opusfit profinguUs exMendis fpfaque Rd-
difZ Longititdo habetur non qttidem precifeut prim ,1,1; fed
proxima (qu^ itaqueJumenda erit) 109996 nempe^

(i»ooooo=R
017.17

(sr. 49 )=3i7°i 5)8 19922(1.00917=3
'

g
C =:r.48j=3i4io8)3i9922 1.01851=6

052.17
&c. 311200) i.o28o3=c .

308293) 1.03772=^ g3^j^
305385) ^•°476o=e

^
302478) i.05767=f

,^27.20
299570) >-*^794=g,^^7.2o
296662; i.o784r=h^^^

293755) 1.08908= 1

j^gg
S/;».«(=i.4o)-29o847) 319922 1.09996—k __2

'

fpiUiter omnincres fuccedit fifiimpti^ Radiis R L cumanguU A
qudr^mus V dr Radios inte>medios, autfumpto Radio L cuman^^

gulis A V qudtrantur R Radti intermedii,

Verum / limbi Utitudcfit Radti non nifipars trigeffima quadra^

gejfima, quinquageffima aut adhuc minor y atq; angulus divtdendus

non quidem i o mtnuta primafed totidemJecunda,aut minor adhuCy

fubttlicr res efi quam ut canon vulgaris Trigcnometricus hie adlnb^

Atur y (Sr q^* omnem fenfum fugtt, ipfiq\ circuli concentr/ci di*

Jlantiis dqualtbus quantum fenfu pcjfumns difiinguere invicem difi

junifi : quippe unius poUucis pars ratUefima nedum decies aut centi-

€S mtllefima mimr efi difcrepantia quam ut fenfu percipi poffit,

Sed nimius fum in re levifelicem itaq\ exeuntem annum tihi com^

precatus Lnga fequentiumferie contrtvandum, valerejubea.

But
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But to proceed. In the next place I think it wilfbe fuffiic"*

cntly plain,to any one chat (hall try boch the ways,thac thcDivi-

fions are by Diagonals much eadcr dift.ngjiflied by the eye, then

by this way foapp.auded by Heve tus^ and therefore I cannoB

choofebut conclude with Hevelius^ ( pag. 140. ) though to a

qui'e differing end and fenfe : Sunt igiturJpiendidiffiffu tAntum

^ecHUtttnes mentisq; idex qt*£cu/fq; de Nonianis vel Hednanis

Divifionibmfrofe7untur, But becaufe p^frhaps there may be

feveral perfjns ihat have not yet perufed thtv Book of Heveli-

us, mv t\\ztQ^ BenedtSfus Licdreus^ printed in '643. nor Ti-

cho's Mechanicks, of a much onger (landing, and thence may
perhaps not fo well underrtand what this wayiof fub-dividing

is ;
give me leave a little to explicate it, and fhew you plainly

what it is.

The way then as it is defcribed by tieho Brake, and afcri-

bedby him to F-etrus Nonius, that excellent Spanifii Mathe-

matician, who publifht It m his learned Bjok, de Crrpufculis^

fuppofing it alf ) to hare been heretofore ufcd by Pr<>^wy,but(as

tfcho is ofopinion) wijiiout much reafon, is this ; Ufducan*

tur intra extremum quAdrantemaUi minores numero 44. fuccejji'

ve frficomitdntes^ quorum txtimus in ^f), feqaens in^S. tertius

tnSf' dr ficdfinceps donee ad ulttmum tntimumperventum

fuerit qui ^^>fortiones hAhebit. To which Uefcription pub-

liflied in his Mechanica^ he adds in the fecond Book,, de Mun*
di (i^therei recenfioribus PhenomeniSf pag. 461. Altera Di-

vijtoad CkriJJtmi Matbematici Petri Non i i im'ttationemper

piures quadrantis arcus introrfum deferiptos ^ diverfimodefubdi-

vifis frocedit. Etpautem in hac ipfa imfrimis ingeniofa\^oTi\\

inventione^ aliquid auctuarii loco expeditius a nobis additum efiy

itd nt ex erior drcus in flurimss portiunculas dividatur ; neque is

ordo aut numerus arcuum fefe introrfum concomitantium, quern iUe

prajinivit fed multo exfeditior perfeifior obfervetur^ tamen

quia h<£c fubtilitas cum adpraxtn deventum efi plus habeat laboris

quam frucfus^neq\ id in receffu pr^flet quodprimafronte poUicetur^

ut alibiplenius ojlendemus^ idcirco afuanos dudum in ufu ejje dejiit,

..[•See more ofthis, pag. 62. EpiJloUrum Jfironomicarum. ]
From which way of Divifion, this of Hevelius (which he

afcribes to Hedreus^ but is more properly afcribable to Fier-

re Verniery as I (hall afterwards (hew ) is fomewhat differenr,

D 2 and
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and pofllbly might be the fame thitTicko Bnhe contrived to

couipcnditie that of Nonius^

The way then is this, defer ibed by Eevelius y pag, 141:

^U4drantes contrActiores iu a me funt ddortiAtt^ uf limbos cor»m

tantumin integros [emigradfts dijlinxerim\qu£ $U hac dtJlinCth

mn nemini admodf^m rudis videAtnr^ [ufficit timen affiittm com-

monfi andis finguUs minutis frimis\ dttmmodofcrfendiculi ex cert"

fro Apfen^ extremtt.ts limbumjlringens in cm,upsrticHlas fitfub-

divifry tmo quod magis de quo non nemo fane fairabitt$r,n0nfilum

hac rudior limbs fMivtfa fujficiens exhibendisfingults minutis

frimis fed etidmpro dents quints quinetiamfingi*lisfecundisinwd*

joribus organis lividelicet mjhum Injlrumentum direClorium adhi-,

beas. Oportet ut inferior iliius pars curiohfjtme cr levijfimefit li-

matA (jr levigAtA^ ut limbum totum xquAbiltjfime quidem tangAt^fed

nuUibi nimis Adh£reAt ; turn qttovts loco Itberrime pendeAt Atq\ di^

n/ijionis tAm quadrantis quAm perp'endtculi obfervAtor rite difcer-

nerevAleAt. Dividitur Autem ijlud perpendiculum hAc rAtione^

jivideli^t fpAtturn 3 i femigrAduum in *ltmbo perpevdiculi accural

tiffime denotes
;

tdq\primum in trcs aquAles pArtes^ rurfum quAm^

libet trlentem in decern dtvidds ; Atq \ its obtinebis fpAtiolA pAuIt

admodum AmpltorA qtiamfpAtioU unius femigrAdits, quia intercA"

pedo J I partium in ,90 trAnfmutAtA neceffario fiunt modice Amplio-

res. Jittamen ji dtvipones perpendiculi 4d Itmbum quadrAntis

accedjnt circa extremitAtes perpendiculi^ difcrefanttoU il/a divifio-

nnm Ab inviccm *vix ac ne vix cognofcitur circa medietatem verc

perpendiculi fatii evidenter. In medio limbo perpendiculi ^ di-

vifionum parvtiltn index O' qt^idem inter .1 $ ^ i 6 (pttciolum con*

Jtituitnr pro difcernendis integrit ci* femigfAdtbus \ quos AccurAte

dicJus index tndicit^ qitAndo t{(tumJpAtiumperpendiculi in 3 o par'

tibus divifum in ipfo limbo quadranti^ fpAttum 3 i p.trtium exqu/fite

fubtendit. Ea tamcn expreff1 legefi toturn Injlrumentum abfdlute

ab cmni partefit confiruBum ; quando vero ifie tndex pdttxillum

promctior exi^it integro aliquo vij- femigradu certifftmum e/l indi-

ciwn^ obfervAtion iminuta quidem adlhtrere aut integro Aut femi-

gradui adnumeranda^
fi
index huic vel till vicimpr eft* , Cogrtofci-

tur /iHtem minutorum numcrm ex eo^ quando Imeola aliqua dtvifi*

cnim inperpendiculocum una aliqua in limbo quadrantis prorfus in

unam eandemq, coincidit re[lam, Kunqmm er^im^ n tfi unica it-

necU in perpendictilo cum altera in quadrante, Ji exqutfitep^raiiA
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frpt mnU cmmlm (murrit, U ifio igitur utriufq\ lineoU

CQftcurfu aht unA eAdcmfi vtdelicef cofijlttuitnr lineA ejt terming

iffotum minutoruin vcli^t€gro gTddHt vel [(migradui ^dhdrcn"

tinm.

This fame way is alfo made ufe of by UevdiHs^ for the JJi vi-

fionof a IJ his larger Infti uuients^ as well as for the Divifion of

this filial 'er, by fixing ftrupon the Perpendicuiar, as hea'ter-

,warda«iQJrttions, cAp, 1 5. '/>4^. 307. where he alfo gives a fuller

defcripCLon Of ir, to v\hith i refer the Reader.

The way indeed is exceeding ingenious, and very much im-

pHTOved.by //^W/W, but yet at the very beft it isverydiffi-

cuic, both to make the Divifions, and much more d.fficult to

diftingnifti ihem, as may be plainly enough f^en even by that

very Specimen publiflied by Heveliw^ in the fir(I and fecond

Figure of the Place T. cfpecially if it be viewed with a magni-

fyi ig Glaf> or Lens^ and I do wonder that Heveltus did not

all this while think ofmaking uleofa Lens, to make the D.vi-

fion? and Diftindlions appear more plain, w ithout which Se-

conds are not to be diftingniflied, by thofe kinds of Divifions

even inan Indrument of 10 foot Radius, and by the help of it

they may be made and diftinguiflied, in rnrtruments ofa quarter

that bulk, as he may find, it' he pleafe to make ufe of the fha!-

loweft Ob;e6-Glafs of that Microfcope which he had from

'London \ he may, 1 fay, by looking upon (he Divifions of the

firrt and fecond Figures of the Table T. with his Microfcope,

plainly deteft how far thofe Divifions are fl)art of accurate

-

nefs, and how many faults and inequalities the naked eye and

unmachined hand do commit.

It is therefore one of my ways for dividing and diflinguifli-

idg Divifions, to make ufe ofone, two, or three Lenfes, wherc-

•by not only the eye is very much eafed, but the judgment is ve-

ry much augmented, and the hand direded, as I flia!l after-

wards explain, when I come to fhew fome particular ways of

making Divifions.

But becaufe this Be/tedilfus Hedreus^ from whom Heveiiw
aflRnns he received this invention of dividing the Limb of the

Quadrant, was not fo ingenu jus as to confefs that he received

this invention from another, and becaufe perhaps the B. ok be-

ing fmall, may have been long fince loft an4 forgotten, hiving

accidentally
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accidentally met wich one, I (hall acquaint if(W/^/w, that one
J^ierre Vernier (as hecalls himfelf) Cufiuindr ChAjieUm four

fa Mdjejie au Chajteofi DorndnSy Cortfeiltery General de pes

Monrjotessu Conte de Eourgongne^ prinLcd at Bruffels^ by Frdn*

eis Uavieny 1631. (co wit 1 2 years before Hedreuj) a Treatifc

in French, which he calls, La conftruUton I'Ufufe& les Frofri*

etc5 di4 quadrant nottvea/^ Mdthematiquey comme aufji U confirH'

ftton de la table desJtnus de minute en minutes fuccefitvement par

un feu! max^me, Dc flus un abrege defdicJs table's en unepetite

deon page avec [on ufage : fit tUement la msthode de trowver les

angles A un trianglepar la cognoi\]iHce des cofiex. dr les cofies par

les angles fans Vayde d aucme table. In which he hath at large

and very p ainly defcribed this way of dividing the Quadrant,

to whac acciiiitenefs is dcfired, and pretends it to be, as pof-

fiblyic was, an invention of his own.

Bur CO return w here 1 left to Hevelm his Divifion on the

Quadrant by the help of the Brafj-ann, I fay, againfl this way,

bcrlidcs wliac I have already mention'd, I have a (econd Ob)e-

*6ion, and that is,that ic requires a moft exceeding great cur io-

firy and care to make that Metal Pendulum or Plumb of Brafs,

fJ as to be exa^ly of equal weight and make on both fides of the

fuppofcd middle Line, for if it be not fo, it may eafily vary

not only fome Seconds, but even fome Minutes from its exaft

Perpendicularity, and if fo, 'tis to little purpofe all the for-

mer curiofity about Subdivifions. —
Thirdly, The Perpendicular ought ahvayes to be kept very

clean from Dufl, for if a Jitde more Duft fettle on the one fide

then on the other, the Perpendicularity will be vitiated, and
all the curiofity elfe about the Obfervation will be lofV.

Fourthlv, Jf the Pin on which this Brafs Perpendicular

hangs be not of fome bignefs, it may eafily warp, or bend; and

if it beof aconfiderablebignefs, it will not move eafily, and
confequently the Plumb will not hang tender, but ftiff ; in both
which cafes it can be of no ufe in the World for Agronomical
Obfei va:ions. Further, if it hang loofc upon the Center,

which it mu'l do to hang render, then there will lye as material

an ObjeAtonagainfl it, for its not moving true npon the Cen-
ter of the fnilniment ; and therefore upon the whole matter I

conclude it 10 be an Invention indeed of great fub.imitv and

fubtlenefs
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fubtlcnefsjbut of Ikf le or no ufe for Aftronomy,to which Hcve-

It/a applies ir. He had much better therefore have been content

to have followed T/ch Erahe^dLtid ipade ufe of a common Plumb

Line and Diagonal Divifions, where there is occafion for them,

for that is true and prafiicablj capable ofexhibiting the SuLdi-

vifioQS ofa Degree,a5 Minnte,asarc neccflary to commonSTghts.

In the next p ace, before he leaves the Defcriptions of

thefe three fmallcr Quadrarts , he mentions an Invention

of his whereby he fixes the Quadrant in any altitude , and

eafily moves it flcadiiy into any pofture dclired by the help

of Screws. This Invention of his own contrivance he dor

h

indeed very highly applaud, infomuch that he beheves no good
Aftronomicai ObfervatioDs can be made without it. But he

muii pardon me if I am not altogether of his mind ; I grant in-

deed the thing is exceedingly convenient, incomparifon with

any yet ufed, if it be well made, artd that the way ofappi v ing it

to the Qiiadrant be very facil and eafie. But 'tis not al\^ ay fo

jpcefTary, but that Obftrvat ons may be as conveniently made

without if, as 1 ffiall afterward (hew, in the Defcriptionof the

moveable Axis, f t concinuing the Inflrumenr in the Plain of

the Objedl , vhethtr a Dilknce cr an Altitude be to be

taken.

In the next p'ace he proceeds to defcribe his large Qua-

drant of Brafs adjuiled foas to take Altitudes and Azimuths

,

of which he makes a full and par icular dcfcriprion'^ but (he

inoft confiderable thing that is new in it is , (hat inflcad of a

Screw ufed by Tichi for lifting and moving the Arm with

Sights, he makes uleof two Lines poys'd with Piumbets by

the pulling of thi^ orthat of which he isable toraife or fink

the Ruler with Sights, all the reft of the contrivance be'ng

to make it ftand perpendicularly in any Azimuth, which iihink

Hiay bedone to greater certainty wiih lefs trouble, by a uay

lihall af-erwardv (hew ; As an EfiTtntial part of this fnftru-

menr, he takes orcafion to give the defcripi ion of » he Turret

orObfervaiory which he built for it, and the feveral contri-

vances abouMf, which I now omit.

The ufe he made of this Inftrument was for the taking the

Meridian Altitude of the Sun, of which he affirms to have

taken a very great number, efpecially fuchas were of princi-

pal
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pal ufc for the regulating the motion of the Sun: Such as the

Solftitialand £quino6ial Altitudes, of wh;ch 1 hope we may
cxpedl an account in the fccond and third Tart of his Aluhwd
CeUjIfs. 1 know not to what cxadnefs he hath proceeded in

taking his Meridian Altitudes of the Sun; but had he proceeded
in tl^e way by Ttlefcopes , he might have taken all his Alti-

tudes of thatkindcoa fingle Second, with great eafe and cci^

taincy.

And upon this occafion I hope it will not be unacceptable

to my Aftronomical Reader to hint a very expeditious and ex-

ceedirgaccurate way of making a Catalogue of all the vifible,

as well as thcmoft confiderable Telefcopical Stars of the Hea-
vcn» For the doing of which there wiJI not need a tenth part

fo much time as for ihe other wayes that have already been
n)adeijfeof, and yet will very much exceed them all in accu*

ratenefs and certainty. The way then in fliort is nothing but
this : Let there be made a very large mural Quadrant, or rather

Semicircle, of 30 foot Radius, fixed exa61y in the Meridian
againft a Wail made of fquared Stones, wel/ joy n ted and cramjl^

ed together, and fctled on a foundation very firm and folid', lo

prevent all manner of flaking and fwarving. Let the rim of
this be made of Brafs Plates, ftayed in their due po/hire by
cramps or bars of Iron fixed in the Wall, by running rhem with

Lead : then having divided this Semicircle into i So Degrees

,

and fubdiVided each Degree by the help of Diagonals, on a flat

and well polifht Plate of Glafs, according to the way I before

defcribed into Minutes and Seconds : adapt to it a 30 foot Tc-
Jefcope, fo that the Tube fliall not warp, nor the GiafTes devi-

ate out of their true pollure ; the Focus of the Ob;ed^ Glafs

make to be exa^ly upon the edge of the Brafs Limb, fo that by
the help of the Eye-g'afs, which is a deep Convex, the pi n6u-
al place or a'ritude of a Star to a quarter of a hairs breadth, e-

Ven to Seconds of a Minute, may be difcover'd ; the trouble

of dividing this Quadrant will be no more then of one of an
ordinary fize, the fubdivifion of one Degree fubdividing and
examining all the reft. The way of making the Tube of the -

Te'efcope foas not confiderably to bend, may bedonefome-
whatafrer that \^ay of ftiffning the Tubes of very long Tele-

fcoper, which 1 conimimicated to Ueve/ir^y and you will find

at
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at large defcribed in this Treatiftdf Bh/elkit : Save onf7,thdt

inf^ead of Ropes which I (irft made ufc / rather commend
fominy Braces of Wood. Now though notwithfhinding all

the Diligence that can be this way ufed, the Tube do fomewhat

bend in the middle, yet it can be of no manner of (Ignificancy

as CO the vitiating theObfervationifince firfl,theOb;cS Glafs al-

ways fbndeth in the fame pofture as to theCenrer,and fccondly,

the Focas thereof isexa^Iy in the edge of the Limb.
Further,(o prevent the mconveniencc of looking up or in any

other uneafie poflure by the help of a reflex Metal one may al-

ways IookHori2ontally,that is, perpendicularly to the plain of

the Wall or Mural Quadrant.And to prevent the trouble and la-

bour of inoving or lifting the Tube by the help of a long yard

poyfed upon Centers on a Frame before the faid Inftrumenr,

borh the Tube& Arm for theSight,and the Seat on which rhcOb-

fervator fits, may be counterpoi fed, fo that by turning a Win-
die, he may eafily raife hirofelf with the Tube to any pofture

defircd. The Ob)c6Jt Glafs is juft before the Center, and the

Eye Glafs looketh diredlly on the Divifions of the Limb and

there is nothing to drain or ftir the Inftrument it felf, nor can

the warping of the Tube, if there fliould be any, have any ef-

fc6 on the Obfervation : Of this I may fay more on another

occafion. By this means (in one Nights Obfervation) the De-
clinations of fome hundreds of Stars may be taken to a Second

by one fingie Obftrvator, having only one or two Afllftants to

write down the Obfervations as faft as made. And at the fame

time the right Afcenfion of every one of them may be taken by
the help of a very accurate Compound- circular Pendulum

Clock, which I (h^W elfewhere deferibe, denoting even to

J-of a Second of timetheappulfe of the Star to the Meridian:

There needs indeed great exad^nefs in every part of this Appa-
ratus, and 'twill not be done without a confiderable charge,and

much labour and di'igence in the performance thereof ; but if

we compare it with the methods and wayes that have been hi-

therto ufed, wefhall certainly find that the Obfervations will

be near 30 times more accurate, the charge not a quarter, and
the labour not near a tenth part fo much as in other wayes made
ufe of by Ticho and Hevci/ut' And though it may be objeded
againft this way (which indeed may be much more fo againft

E any



any other) Uiat ilier^fr^tpiop^f ihc Air will confidcrably vary

the Declination of fuch Si^rs 4s arc very far South, yet fmcc

the fame Inftrumeiit affords a way beyond any in the World

for the difcoveriog thefcveral Refra6ions of the Air at fcveral

Altitudes above the Horizon, to the accuratenefs of -a Second,

by taking the Altitude of fuch Stars as never fet in the North,

in the greateft and leaft Altitude a|?ove the Horizon 5 a Table

of fuch Refra'dions will eafily re^ifie the Dcclinatiron of the

other Stars to as great acquratenefs* This Subjed doth defcrve

a much larger and more particular Dcfcription of every Branch

thereof, and the Inccuragement of fome Prince, whofe Name

and Honour will thereby be Regiftred among thofe glorious Cc-

Icftial Bodies to all Pofterity , and the fucceeding Learned

World wiU beobligcd to celebrate his memory. But I fear

this Age will hardly yeild another if//?//i>;3»y/Af, another T/'c^^j, or

another who have not fpared to expend their utmoft

Indeavours in performing this task, though by other metiiods.

But leaving this for another time, I fliall proceed.

in the third place then he goes on to defcribe his great Ho*

rizontal voluble Brafs Quadrant, of which he fays, he does

not believe that ever the like was made by any, if the fplendid

AffArstm and the whole Fabrick thereof be confidei'd. It is

in Diameter fix foot and an half, and ferves, as he affirms, to

rake Altitudes to Seconds; but yet he is neceffuated to allow,

that it is fliort both of 1isho*s large wooden Quadrant, and of

his large mural Quadrant 5 nor do I fee any reafon why Tuhos

mural Quadrant (hould not take Meridian Altitudes fomewhat

ipore accurately, fince I believe his Sights every whit as good,

and his Divifions altogether as exad ; what he might fail in di-

ligence, I cannot fay. I do believe this Inftrument to be an

exceeding good one of the kind, and that he hath from much

pradiccand experience found out many contrivances, in order

fo the making it convenient to make Obfervations, and he hath

not fpared fbrcoft, pains, ftudy and indullry, for the coiu-

pleating thereof ; but ft ill whether he be arrived tothegrcateft

perfcfiion, or to fo gr^at as to take Altitudes to Seconds, fecms

to me very dubious, and ifhe made ufe ofthe Sights befoi*c-de-

fcribed, wholly impoffible. For firft, a Degree upon the
'

Lu^bi^utofepuJiof anin<j)}*,:4ndconfequently a Minute is

but
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but the 50th. part ofan inci), anda^rtd but >Jje'^6a#d
pare of an inch, which be that cah diJFidguilh witijhh nak^^
eye, hath better theni, or! feir,abymimnow riviiig. Shbrci
fightedmen, I grant, can do much toward the diftinguifbing
verylninuteDivifions, by being able to bring the Ob;eS very
near the eye, but the lupft fiiort-fighretl iiiiift be yet very much
fliortn^dby GlafTcs, before he>ill be abie^tordiftingmft
Sooadu part of an inch, and \vKeri he .liarh'dialBgUinieclrf^^

which he may poflTibly do with a Microifcope, how will he df.
ftinguifliof the Penumbra, which is not certain even to a Mi
nute? And though it ouy be (aic), itis.th^/ame,.roo^d th^.

Circle, and tiieCircle is the true bignefs'of tlieSuri,^roxh'acif

a Circle of a b/gpffs, aiifweringjtpihe Dsiamecer pf tte SiJii,

and the Diftancc of the Tower Sight from the upper fee <Jer<:ri-

bedon the lower Sight, it muft boiind tbeUmb of theSun.
and that cgnfcqueHtly it will be; eafietp diftinouifli whe^ rhaV
Circle is perfcdlly /fiil'd witli the figure pf the Sun, admltfed
through the hole io theupper Sight. : I^vv^c. That tliis fcenjl
very probabjeand ^afie, and is indeed bel fcv'd and atlcrted fq
by Optical Writers ; But yet 'ti^ quite othcrwiftj for not toj

mention thatxhere is confefled) by all, that the Penumbra of this

Circle muft be as big at leaft'as the Diameter of the hole above,
through which itistrajcAfc^, which cannot h|e kfs then a Mi-
nute; I fay, that.exf>erience doth demonftraie. thai it is quite
otherways, and that the; Limb^ofthis Image painted on the low?
er Sight is terminated with a Penumbra, which is fometimes
five or fixtimesb!ggerthcptheDi^c;terpftbc.hoIe, and whict^
is yet ftranger, thcfii^aner the We bf^j' ^h'c bigger \s the Pen-
umbra, aD,d tbe,bigger Ct^? .cpri;afn Dej^
isnobignefs w hiciawill take it off q^ite, and the ttameterof
the Sun that ^vay taken, is fuuetimes bigger and fometimes lefs

then it ought, and that to
2^
very copfidcrabje qi^anticy : Of

whrcb,, and frMPra^l otlier^ycry /{rangedproprieties of I
(Lall bercaA^r fay njofe.on another

But to proceed, that h? bath rcacle'rthi's-lBrtrun^ent his
chiefeft,you may perceive by his pathetical defcribing thereof;
for he fays of .}t,;/»jg., 184^1 hujus quadrAntU
ufitm^pPM Ut Oflmi^cMU recetfs excogitAta Atqvhuic oriAnc Apf(h
tAufHcre, ut nefcUm k ^mhu^'fnmum snchotire dchcAm, Imo

E 2 etiAni^
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etimji vel mxim velim^ntdlo tmen mode omnia finguU Adc$

ferJjficHe vel delwesrevd defcriherc fotero^ut umverfipr^primii

qm Rmilu haud ipjtmef oc'ulis ufurparUnt jtixt^U re6te scplane in-

telfigant, quinet/am credos njelitn utut aliU funt attentiores atf^

bujffs ret bene gnarcs^ aliquotiesfane hocce Injhumentum vifttrps

Mntequam dimtdiam tantam partem debite aaimadvertant ac fie-

niffime comprehendant . ^uippe& verumfateor nee iffe egoj/cet

fingula ex meo folt cerebro prodietint ac confeCia fuerintypojfem

ddeo dijitn^fe tibi eumJkb ajpe^um fonere niji mihi hocce crga^

ntm fub ccutU affidue verfaretur. Nihtlotamen minm dabo ope-

ram, ut quantumfieri foteritydilucide omniaproponam.reliqua veri

exercitatfs caU metakribus ulterins rimanda ^ perquirendd

commit am^ &c.

Andfo he proceeds with the Dcfcriptionof this Quadrant,

and the Apfarasns-^mi it, and (irfb, heiells us of the weight

of this Inftruincnt, that it was 80 /. Next, of the fliapc of the

Turret in which it was fixt, which is indeed very convenient

and ingenious, it being fo contrived, as to be voluble or con-

vertible upon Truckles, having one only fide open, and in-

closed on all (ides clfe, fo that neither the Obfervator nor the

Qiiadrant was much exposed to the injury of the weather^

which is indeed of no fmaH ufe in Aftronomical Obfervations^

But this may be done many ©iher ways alfo. He tells us fiir*'

therof the admirable and prodigious ufe of Screws, in order

10 the fttting and fixing the Quadrant. Next, As to thegiv*

ing a motion to it, in order to follow the Sun and fixed Stars

in theirdrumal motion. Thirdly, As to perform allthc Sub-

divifions of a Degree, not only into Minutes but into fingle Sc»

conds. To all which I fay firft. As to the ufe of the froal!

Hand-rcrev\'5, I do grant , that in fome cafes they may have

their convenicncy, as to the moving and ftaying the Inftru-

inent. But then fince he is fain to make ufe of two Screws,

whereby both the hands muft be imploy*d to manage ihefe

Screws, I judge them too troublefom for that ufe, and that

there is a much better way, whereby the Quadrant being once

let into the Azimuth of the Stars, it ftall cont'mue to be fo,

and to move along with it, without any trouble to the Obfer-

vator, fo long as the Obfervator hath occafion to have it re-

main fo, vhich (that I may hint that only now by the By) isar

'

' Cnali
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fmall Automaton, which (hall continue it for many hours cx-
adly, in the Azimuth of the Star defired, of which more herc-

Next, Whereas he affirms this way capable to fliew Seconds
as well as Minutes, I grant it may be capable ; but then Imuft
fanher affirm, that he hath not at all (hewed how that can be
done, nor is it indeed feafible in his way, for he (hews us not
any way how to fee it, that is, fix it certainly to any Degree:
Now if he be not fure in the fixing it exaftly to a Second, up-
on that Degree where he would begin his Divifion, *tis a vain
thing to be fo accurate in the other Dimenfion, for he cannot
be more certain, ( let him be never fo curious in the Subdivifi-

on with his Screw) then he is certain in the firft fixing of his

Screw to the Degree, for whatever he varies from the Degree
in the fccting, he variesatleaftasmuchintheSubdivifions and
confequently unlefs that be fome ways taken care of, which I

do not find, 'tis a nicety without ufe.

To conclude therefore, I fay, the Frame of this Inftrument

is extraordinary good, and by the help of fome additions, as

to the Sights, Divifions, Perpendicular and Erefiion, might
be made as good as need be defired for any ufe in Afironomy,
and 40 times better then what it is now made and defcribed by
Heve/fud^ or then any I have yet heard of to be made in the

World. But as it is, it is nor moreexad then the large Inrtru-

ments of the Noble T/r^d Brahe^ which he ufed lao years

fince, and much Ihort of his mural Quadrant, for taking Meri-.

dional Heights.

He proceeds to the Defcription of his new and large Brafs

Sextant offix foot Radius : The Sights and the Divifions there*

ofare in nothing differing from thofeof the Quadrant, nor do
I find any thing very confiderabic in the Defcription thereof i

it was made ufe of by two perfons in the fame manner as the

former Sextant, and like that of titho ^ but what grand incon-

veniences do attend that way of Obfervation, I fliail after-

wards fhcw, when I come to explain how one perfon alor.c

may be able to do it withlcfs trouble by half, and ten times

moreexaftncfs.

But by the way, I cannot but take not ice of what. HeveUus
if%enioufly confeflcs, of the great diflficulty there is in taking

the
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' the DiHaftceof fixt Scars from the Moon, which is from no-

thing elfe buc the imperfedions of his Common Sights, and all

that difficulty vaQiflics, if the Sights be nwde another wa^.

Next, Hefccms to nuke it a much more difficult bufine fs, to

rake ihe Diilance of the Sun from Venta, when flie is feen in the.

da>-tiiue 5 but by a way I (hall hereafter fiiew, it w ill not only

beeafie to take the Diftance of the Sun in the daytime from Fr-

Tjud^ but from ^f^rj, from Jufhery nay, from feveral of the

fixt Stars.

/ (ball pafs by therefore his paratfis, which feen^s very

great and chargeable, fince I fiiall elfc-whcre fliew a fingic,

plain way, without any trouble or perplexifyi how the mat-

ter may be quire othervvifc ordered, much to the advajitage of

theObfervator.

As to what he aflcrts of his extraordinary care, diligence

and pains, in dividing and examining the truth of his Inftru-

ment, I do no ways doubt U, but that he hath proceeded. as

far as it was pofljble for oiie to do in that way he made uT^ of,;

but might have favcd much of it, if he bad thought of the w'ay*

by Diagonals on Glafs, which I have already defcribed.- Yet

I fhould have been very glad to haveften the DiftanceSj^ vhi^h
he mentions to h4ve taken of eight fixt Stars near theTSdip-

tick, to wit, Lucidd Arhiu d* F,fVifch, Pal/UcU c^ rclii^u^

FoUutis ^ 7? /•^«//, K egull^ Sficd^ Spies €^ in manu Sfrpenta*

riiy in mxnu SerfenUrif ^ A^uiUy JquiU ^ ^archab^ Mar-
chab & Luctda Jrieti^, and that to fo great exaflnefs, ,^s not to,

mifs one llng'e Second in the wjjolc C jrcleo^ the Heav^ns^ ta-

ken at eight Obfervations. For
^

(o nie indeed i4j feems one of

thegreareft affiriiutions I cyer ^et witjial* ananocl^:rS|^hen hu;,

manely impoflible,^ ere there no Refraft ion in the Air, and did
all the Objc^s (land /till in the Horizon, bu^t tteRefraflion

of the Air, were it much Ic fit hen it is granted by ^11,. would
neceffarily caufea variety ofagreat numberp^JSfecpnds, ^, And
I durfl undertake to dempnftrate ^it tp, atjy, ^^S| plain(yraS'any

Geometrical Propofition, that it was wlibjlvf^n^poCEble

him, wiiha!l or any of the Inrtruments he fiatn defcribe^, tio'

make any one of ihefe Obfcryatjpns, j^o c^rr^ipty pf, ^pSe-
conds, whence .if that uncertainty fee, ? tiif|f^^uttjpli(fg/ it

will follow, he cannot be certain in tKe whole Circle to 240
Seconds,
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Seconds, or 4 Miq\it^s, which how much it is cligeripg frotn"

one fingtc Second^ any Qjie may judg.

. I had many ocljicr things to have added, which have occurred

IP me in theperufingof fJfvcl/us his -Book, Lut I will fay no
more atprefcntby va>' of O^jbdion, having, I fear, wfuritd

the Reader, with flievvingJum my doubts and fcruples, elpe-

cially aboMC ilje imp^rfci^lioaof th^t way of Sights and Divi-

fions made ufe, or bj^ hitii : Only, to make my Reader fome

mends forhisp^ijicnce, Iftia 1 dcfcribe a fliort ylpfaratuj^wUich

I have concrived for this purpjfe, and in the doing there-

of, (hail be as plain and brief ab pofTjb'e the matter will bear.

Since the reading thefc Le6ures, the Author having been

4cquainted, that fome confiderable Object ions had been made
againft the certainty and accuratenefs of iiislnflruments, and

that I had affirmed it impofllble to perform what he had pro-

miied in his Book, hereturnshisSeniinit.nis tl.crccf inaLciter

to Mr, Oldenburg^ to this efFed :

C£icrMm perdpi0 vejlrates non omoes mihi ddfiipuUri

i» ifio Dioptrxrum negcti^y de quibus in muhint med caeUjli*

Orgdffograpbid traCtavi ^ verum etidwji CU. H iok^us cJ*

Flamftedius4///^i plane aliter fentiant^experientia tamenquotidi-

ana me edocuit atq^ etiamnunt docettrem longe aliter fe habere in

magnis ilUa organis^ quadrantil'its fcilicet fextanttbus ejr c^anti^

bus imprimif quadrantibus Azjmuthaltbus alii^q ,qi4udrantibus re-

gitlis conflru^if^ qu^ nempe adeo procUviter commoveri dr inver-

ts (dum Diflptrs telefcopicx examinantur^ smo nuHomodo p^ff'OJt^

ut quidem Infirumenta ilia trium quatuorve pedum perpendicnlo

confiru[ia, Rei cum frimis in eo confffitt^ quod nuliam plane cb-

ferv4tionem fufcipere poffint fuii Dioptris TelefcQpieis nijipms dC'

nuo e/is txaminent ac re[iijicent \ in quo tamen examine varia.

tumjugiter ututftudiojipme iUuA fufcipiatur halliuinari da'

tnr, Adhdc in quadrantibus Azimuthaltbus, oCtantibus &fex'

tantibus^ qua ratione examen iflud adeo accurate nunquam ncn

htudma^no negotto temporifq\ dijpendio inftitui pofitifrofecio ncn-

dum capio^ vix mihi perfuadeo ullibi adhuc ullum allquernmagnum

)ddam Inftrumentum 6 vel y pedum utpote[ext. o^ant. vel qua-

drantem cum regula velquadrant,Aztm,cum pinnacidiis Dioptricis

fcrfiru/jfe^ eumq-^ ad calum felici aliquo fuccejfu adhibaijfe^

quicquam folide cbfervsffe^ fi tentaffet ac per annos aliquot obfe^

"vatiombtis
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vithnihus contwM invigiUffet fine Mh diter fentiut. H0C

nrgotinmemmmnfikm ineocoffjifiit qucdftella AliqunnU diftin-

eiius confictMtur (quaftquamfix* ab eo qui viju follet exerci-

tAtIts efi deque bene nudis oculu difcernantur) fed An InfirumentA Ah

omni pATte correale commonftrenty An finnAcidU telefcoficA Infiru-

mentpstoties AdquAfvh ohfervAtiones rite imfont &tuto confer-

VATt queAnt ^ de quihus quidem id omni tempore aqiiepracife fieri

pojfe vAlde dubito, ^Are CUriffmos illos viros humxnifiime rpgd-

tosvolonifjAmpofiideAntejufmodi vAjltfiimA orgAnA utpotefext,

olUnt. (^quAdrant. jizam. Dioptric Jelefcoficiimuntta, eAf, ca-

/o continue AdmoneAnt, fu/pendAntjudicium paulu/um, donee long€

Annorumferie expertifuerint baud fuijje multoties egregie elufos.

^Am ex unA AlterAve fbfervAtione quxdrAnt. Aliquo levioriperpen*

diculo gAudenti obtentA, res htc non efi decidendA, fedfi
quisper

I o (!r Amplius Annos Affidue obfervAverint, turn Ab ovoferiamfiel-

Urum refittutionem per dtflantias fufciperit, potent quddAm cer-

tidrA ip medium Ijac de re proferre, De reliquo fAtis mirAri ne-

queo, eM omnes qui ejufmodi Dioptris telefcopicis gAudent^ non-

dum locorumfuorum^ clevAtionem poli ubi degunt (jr obfervAtiones

perAguni, quAntum fciAm reHe& omnino prdcife determinAffe ^
JlAbitiviffe, Hucttfq\ enim Ad Aliquot minuta integrA Fdrifw ele-

VAtiopoli nondum efi defioitA, Alii quippe eAndem obfervAtionem

48. 49* 4/// $0'. Alii 5 i\ dlii 52*, aIU 53', aIH 54', 55' imoAm-

fiterem Adhuc fiAtuerunt : ffcuti legere ejt ex difcertAtione Petri

Periti deUtitudine Luretis, fed nolo in hi4 prolixius effe\Ad obfer^

VAtiones ipfas provocoy tempusaliquandodocebit quorum obfervAti^

ones univerfds ACcurAtioresfuennt.fi mode nonnulli cenfurAm fuAm

eo u^q.rejicere poffent, NAm video Aitquos inter quos etiAmCL

Fl aiiiftcdii s invenitur^ prout ejt EpiftofA rf^CafTinuni dppAret^

p"^judicium de nofiri^ quAltbus obftrvAtionibus tuliffe^ priufquAm

ill^ adhuc viderunt exAminxrunt vel quicquum de tit cognoverunt^

^qIo qutdem vAnus effe rernm meArumjASfAtor^ nec unquimmihi

itn^ginatusjumrem in omni ijlonegotio circAfcilicet rejlitutionem

^llaruM fixArum acu cmnino tetigiffe vel tAngere pojfe. Sed

hocce fenitus mihi imAginor fitotum tJlHd negotium Dioptrte Telef"

copicis fufeefi^em^ quod non fclum putrimos Annos exJminthis tri^'

viffem^ fed jpefine dubio vArid v/a ( de quA hie non efi difcerendi

locus) eecidflfcm. HxfndegrAiulor mihi me AdeAmfententiAmnon*
Aw trarffitife^ ac me mea methodo univerfAr perfectffe fe qu/cquid

prsfiitum
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praptum Dei beneficio erh: an nihil ampliw {ntputtt CUrif,

Flamftedi is) fAnmhA^ienm^ qumfy\ progreffitm ftterit^Uyernm

erit cm<i\ctm deindeviderit judicium futim exfonere quinettsm
integrum erit alium novum integrum CAtalcgum fuferadditis tot ac

tot centenU nonis fixis, ha^enm neglects alia ratione ccnjlriterc .

Vernm nondum video an cura fj4C mokjlijfima, txdioftffima ac Ur.

horioffJimA^ qu£ non nifimultorum anmrum vigiliis [ufcifi per-

Agi poteJl,aliqnfm adhuc ferio tangAt. UnAm aut alterAmJlellam ope

Telefeopii vel Dioptrarum Telefcopicarum, dum fracipu/ts ac majo-

resfixds earumq-^ intercapedines fupponimmcirreitas ad debtturn

locum deducere^ turn nonmtnquam dtjUntias nonnulUsftellarum ca-

pere h£c ludicra funt \ fed omnes conjuncttmfecundum longum cr
latum rejlituere, turn duUu continuo fingulis ferenis diebm acw
(iibui, tAm altttudtnum foUrium quam reliqu.irum ftellarum ob-

fervAtionibu4 operam dare.ea^q] orbi exfonere nt pateat motuum
hArmoniA atq\ Infirumentorum certitudo, hoc artis hoc laborts eft,

^uando obfervAtiones 20 vel 30 annorum fpatio continuattfs ab

utrAq;pArte aliquAndo hAbebimm, nimirum tAm q/ke jbioptris Te-

lefcopicis quitm qUit folummodo noftris ex calo defrompta funt res

omnino clarior erit. Interea qutlibet fruatur fuo ingenio, acfuA
ratione fro libitu rem tentet, Honorifieum nobis omnibw erit pro

modulo noftrok Deo conceffo, rei literaria incrementum vsria vi4

promovere.

To this Letter of Hevelius I have this to anfwcr, That the

Author neither hath, had, nor can have any experience, to

fhew Telefcopical Sights not to be as good as the Common, or
that they are lefs applicable to large Qiiadrants , Sextants,

O^ants, or Azimuth Quadrant', or to any other Quadrants

furnilhed with Rules, and fo fixr, that rhey cannot Le eafily

inverted, or turned, then they are to Quadrants or fnftrii-

ments of -3 or 4 foot Radiu?. Nor is hi Reafon again fl theui

of any ^lidity, that noObfervation can be made, without a

repeated previous examination and redrification of the Sights,

in which, fays he, notwithftandingall the care and diligence,

there is a Reaf n of failure and miHake. For firO, I fay,

There is lefs need cf rectifying the Inflruments or Sights, af-

ter they have been once adjured, then of fnOruments with

Common S ghts, all things Ixing pcrfe^ly fixt, and fo iirong

F as
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as not eafily to be uirrcd or removed. I now begin to fear,

that he bath not a true notion of the manner of performing the

fame, othervvife he would never have propounded fucb

Objedion ; and indeed he feems to fay as much in the following

u ords 5 TAtiorte exAmen illud omni tempore commode ^
fine mAgno temporis dijpendio inftitutpoffit froje^o mndum CApio.

Though I am very ferry ihat he ftiould be fo:fjr firfl,] thought

I had about 9 years fince, explained to him the vay,\\htn 1 ex-

horted him by all means to the ufe thereof i at Icaft if he had

not under/lood it thereby, 1 fhould, upon his defirc, have

fenthimamore ample and particular Defcription thereof, or
have procured an Inftrument of that kind made and fitted for

tim here. But I fear, he had been fome ways or other pre-

poflcft or prejudiced againft them, before I writ firft unto

him concerning them, at leaft before he writ that Anfwer,

which I have before printed in the $ and 6 Pages, for thereby

it appears, that h'* was then of the fame opinion be feems now
to continue of. And whereas he thinks, that no tryal hath

ever been made of Telcfcopical Sights, to a large Inftrumenc

of 6 or 9 foot, 1 do affure him, ( and I mif-rcmember, if I did
not then acquaint him with as much ) that I had then by me fe-

veral, and particularly one of Sr. C^r//?<>/>^^rrf V^;i*s inventi-

on, furniflied with two Perfpeftive Sights of 6 foot long each,

which I made ufe of for examining the motions of the Comet,

in the year 1665. And if the fame thing can be better done
with a Qiiadrant of 6 inches Radius^ then he can perform with

one of 6 foot the common way, I think he might have con-

cluded at leaO, that the fame thing would be 10 times better

done inoneof 6 foot Radius, madeafter thefame manner ; of

this, I am Qire, 1 gave him then an account. Now it is not

with the fe kinds of Inflruments, as it is with Common Inftru'?

ments, where 'tis not poflible to make any better then one ojay

be made of 3 foot Radiu^ becaufe that is capableofDivifions,

accurate enough to reach the power of the naked eye ; but In-

f^ruments with Telefcopical Sights, are capable to be made to

diftinguifli minutes, feconds, nay fingle thirds, iftheybepro-

ponionably augmented. Nor is there any need that a man
uuiftmake 7 years tryal ofan Inflrument, before he can be cer-

tain of the greater excellency thereof, for I can be as certain

with
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with 3 or 4 times viewing an Objeft through a Tclcfcope, and
withniy naked eye, that I can fee it better, and diftinguifh

many more and much fmaller parts in it- through the Tclef-

cope, then I can with my naked eye, as I could be, fuppofing

I had been viewing it 20 years together. But yet I muft af-

fure Hevelttis^ my experience hath, not depended upon 3 or

4 tryals only ; I cannot choofe but wonder why he fbould be

of that opinion, who hath not been lefs exercifed in the iife of
theTelefcopc, then anyac prefcnt in £«ri)/>tf : Poflibly indeed

his Telefcopes were not altogether fo good as now they are

made, yet fure I am, he faw more with them then any one can

fee without them, as will fufticiently appear by his Phafesof

the Moon, Jupiter and Saturn, But I hope he will not won-
der at me, though I do now venture to affirm, without ftaying

10 years or more to make Obfervat ions, that I can do more
with a Quadrant, Sextant or Odlant, of i foot Radius, fur-

niflied with Telefcopical Sights and Screws, then can poffibly

be done with any other Inflrument, fumiflied only with Com-
mon Sights, though 10, 20, 30, nay threefcore foot Radius;

nor does it at all follow, that the Latitude of Pms is not yet

exaftly known, becaufe MonfieurFrm was ignorant of it ;

but it rather (hews, that Obfervations made with Common
Sights, ( fuch as I fuppofe Monfieur Petit's Inftruments and

others, before the publifhing of his Book were ) are no ways
capable ofcertainty to a minute or two.

But I have done, and am forry I have been forced to fay fo

much in vindication of Telefcopical Sights ; and that in the

doing thereof, I have been necefTicated to take notice of the

imperfedl ions, that are the infeparable concomitants of In-

Aruments made with Common Sights. Nor fhould I have pub-

lifhed thefe my thoughts, had I not found them fo highy de-

cryed by a perfon of fo great Authority, fearing that thereby

other Obfcrvators might have been deterr'd from making any

qjeof them, and (b the further progreHof Agronomy might

have been hindred. • Nor would I willingly be thought to de-

pretiate or undervalue the Works and performances ofa perfor,

fo highly meriting the thanks of all the learned World, both

for his great and liberal expence, and for his vafl: pains, care

and diligence, in the performing a Work fo highly uftfull to

F 2 Agronomy
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Aftronomy and Navigation, and of fuch infinite tedium, trou-

ble, labour and colt, to the undertaker. 1 do not in the

lea(t doubt, but that it will be a Work worthy fo excellent a

perfon, of perpetual cfteem and fame, and much preferrable

to any thing yet done of the like kind in the World, and that

he iuih gone as far as it was pr fTible for humane induftry to go

with Inltruumcntsof that kind, and ihat his Inflrumenis were

as exadV, and complear, and fit for ufe, as fuch Inftruments

with Common Sighcs could be made, and ihat he hath calcula-

ted them with all the skil and care imaginable, and delivered

them with all the candor and integrity. But yet 1 wouTd not

have the World. to look upon thefe as the bound ov mn uitrd

of humane induftry, nor be perfwaded from the ufe and im-

provement of Telcfcopical Sights, nor from contriving other

ways of dividing, fixing, managing and ufing Inftrumcnts for

celeftial Obfervations, then \^hat are here prefcribed by He-
vel/uj. For I can aflure them, that 1 have my felf thought of,

and in fmall modules try'd fome fcores of ways, for perfeding

Jnftruments for taking ofAngles, Difhnces, Altitudes, Levels,

and the like, very convenient and manageable, all of which
maybe ufed at Land, and fome at Sea, and could jjefcribe 2

Or 3 hundred forts, each of which (hould be every whit as ac-

curate as chelargeft of Heveltus here defcribed, and fome of
them 40, ^o, nay 60 times more accurate, and yet everyone

difiering one from another in fome or oiher circumftantial and
effcntial part. And that this may not feem altogether fo

ftrange, I will afllire them, that I have contrived above 20
ways for dividing the Inf^rument, each of them as much di-

ftind from each other as this of Hevelitis^ and that of Diago-

nals, ^nd yet every one capable of as great certainty and ex-

a^nefi at leaft, and fume of them 100 times more. 1 tiave

above a dozen feveral ways ofadjufting the Perpendicularity or
Horizontality of Inflruments, all as exa6 as the common Per-

pendicular, and fome of them very much more, even to what
accuratenefs fiiall be dcfired, and yet each of thefe very dif-

fering one from anothci^ J have as many differing kinds of
Sights for improving, dircdling, adjufting andafcertaining

the Sight, fome of which are applicable to fome particular

ufes, but fome for all, by means of uhich that part alfo inay

be
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he iinprovcd to what accura tentn is dcfired. I have various

ways of fi\'ing thofc Inftrumciits, and appropriating thcni for

this that, or the other particular ijfe. 1 have various mecha-

nical ways for making and working the feveral parrs of rhem
with great expedition and certainty, which is a knowledge

xiM lefs ufeful then the knowledge of the theory and iife of thcni

when made, tliere being fo very few to be found in the World
that can or will perform ir. I have a mechanical way of cal-

culatingand performing Arithmetical operations, much quick-

er and more certainly then can be done by the he!pof Loga-

richms, which compleats i lie whole bufinefs of meafHring An-

gles. Thefe I mention, that I may excite the World to en-

quire a little farther into the improvement of Sciences, and

not think that either they or their predeceflTors have attained

the utmofl perfedlions of any one part of knowledge, and to

throw off that lazy and pernirious principle, of being con-

tented to know as much as their Fathers, Grandfathers, or

great Grandfathers ever did, and to think they know enough,

bccaufe they knowfjmewhat more then the generality of the

World befides: ReftAt humi qui<u»q\vult, C(tlo rejlat itur^

Cxlo tentabintf^ Ire* Let us fee what the improvement of Jn-

ftruments can produce.

And now to make my Reader fome amends for his patience,

Ifha'l give a Specimen or two, of each of the feveral parts

that be ong to the perfed^ing of celcftial Inftruments : And
this I (hall do, in the Defer iptioa of an Inftrument for taking

all manlier of Angles and Diftances in the Heavens which if in-

creafed in bulk, is capable of as great accuratenefs, as the

Air or Atmofphere will ever permit celeftial Obfervati6ns to

be made. Its perfedlion confifts in feven feveral particulars.

!• In the Sights, which are fuch as may be made to difcover

the minutcft part difcoverable in an ObjedV, they do no ways
ftrainthecye, and are fit for all Sights, whether fliort-fighred

oroldj^r. 2. fn the Divifions,which are fuch js will diflin-

guifl] the Angle, as minutely as the Sights will diftinguifli the

parts or Obje^s. 3. In the Sights being fo contrived, that

with one glance of the eye, both theObje^s though a Semi-

circle difiant, are at once diflinguifhed and feen together.

4. Ill the method of fttting it exaftly perpendicular to a Se-
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cond, if need be. 5. In iis fixation andmotion, itbeingfo

fixed and moved, that if once fee to theObjefls, it continues

to move along with them, folongas^tis neceflary to continue,

or be very certain of any Obfervation. 6. In its not being

difficult to be made andadjufted, and its not being without

indullry anddefign put out of order, and its being preftntly,

and wiih all imaginable eafe re^ified and again adjiifled.

7» In its not being very chargeable. Firft, For the Sights,

They are no other then plain Telcfcopes, made with two con-

vex GlafTes, auObjed^and anEye-Glafs, of what length and

charge fljall be thought mofl convenient, fixed into fquare

Boxes or Tubes of Iron or Braf^ and having crofs Clews at

the Focus, made with very fine Hair, or filk-Worms Clews.

Oneofthefe is fixed upon the fide of the moveable Bar or Plate

of the Quadrant, the Objed-Glafs of which is next the Riua,

and the Eye-Glafs is next the Center. The other t)f thefe is

fixed upon the fide of the Quadrant by feveral Screws, and

care is taken to keep it fronibending or fagging. This Tube
is madeoftwice the length of the former, and hath at each end

an Ob;eft-GIafs, each of them of the fame length with the for-

mer, and hath two Eye-GlafTes in the middle, the manner of

ordering which I fliall (hew by and by under the third

head.

But firfb I fiiall explain the manner of fitting a Telefcope for

a Sight. Let a a b b in the 1 2th. Figure reprefent a Tube,in

which let p reprefent the part toward the Ob;e<a-GIafs,

whofe Focus is at o, and let n reprefent the Eye-Glafs,

whofe Focus alfo is at o, let s reprefent the point, where

the eye being placed, the whole Eye-Glafs n will beenlight-

ncd and fill*d with theObjeft, then make a fmall Tube about

an inch in length, and offuch bigneA as it will juft Aide within

the hollow of the Tube aa bb, and crofs the Cavity of that

Hrain two very fine Hairs or filk-W^rms Clews, which may
crofs each other in the Center of the Cavity, by the means of

which Box, the faid crofling Clews or Hairs may be moved to

and fio, till they areexadly placed in the very Focus both of

theObjedk-Glafs and Eye-Glafs, for if they be not there, the

moving of the eye to and fro over the hole at s, will make the

Threads fcem to move upon the Obje^s, but if they be exad-

ly
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ly in both theaforefaid Focuses, the moving of the eye will

not at all make the fald Threads feem to move upon the Objedl",

but they will appear as fleadyand fixC to the Obje6, as if

they were (trained and faf)-ncd to it. And though they are ex-

ceeding fmall, even as finall as the Web of a Spider or Silk-

Worm, they will appear very big and diftin<!l, and much
plainer and bigger then a Thread in the Common Sights, at

the further end thereof, will to thenakcdeye, thoughabove
loo, nay looo times the bignefs, which at the firft glance

will fufficientlydlfcover the va ft advantage ihefe kind of Sights

have above theCommon ones. Nor is this way ofSights at all

confined, but may be madetodiftinguifli thefinalleil part of

theObje^ defirablc, even the parts appearing to the naked
eye, under the Angle of a fingle fecond or third of a Degree,

which is fome hundred of times more curious then the naked
• eye candiftinguifli, without the help of them, fortheTelef-

cope can be made longer, and the Eye-Glafs can be made deep-
er, and according as the Telefcope is longer, and the Eye-

Glafs deeper, fo will the Object appear bigger, and more mi-

nute parc5 be difiinguifhed, the power of the eye being in-

creafed proportionably to the length ofthe Objeft Glafs, and

the charge of the Eye-Glafs, and thegoodnefs of them both.

Now as Sights this way made,are capable of thegreateft accu-

ratenefs defirable, fo they are fo appropriated to the eye,

that they no ways drain it, for they may be fo ordered, as to

make all thofe parts that are to bediftinguifhed, to appear to

the eyeunderthe Angle of 3 or 4 minutes, which mofteyes are

able well to diftinguinj, without ufing too much attention or

draining to difcover them. This is no fmall convenience, 10

one rhat is to make many Obfervations one after another, for

the eye by too much attention is apt to be fudden'y weary *d,

and it doth very much harm and weaken the Sight, to endea-

vour to diftinguifli parts fo fmall, as appear to the eye under

the Angle of a minute, very few eye5 being able to reach it at

all, and moft others not w ithout much difficulty and endea-

vour. *Tis further confiderable upon this account, that 'tis

fitted for all kinds of Sights: For a fliort-fighted perfon, the

Eye-Glafs may be made to Aide a little nearer theCrofs in the

Focus ; and for an old or decayed Sight, the Eye-Glafs may be

moved
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moved a little longer or further off from the faid Crofs or Fo-

cus
J
for a di^u Eye, the apercure of the Objedi-Glafs may be

augmented, and rlie Eye-Glafs made fiiallower, or of a lefs

charge; and for a weak, tender and curious Eye, the charge

of I he Eye-Glafs may be augmenced, and the aperture of the

Objcfi-Glafsmade lefs. And according to the feveral confti-

lution ofthe Obfervators eyes, rhe manner of Sights may be ac-

commodated , which the other Common Sights wichout the

help of Glaffes, are no ways capable of.

The fecond thing therein the perfe^ion'of this InHrument

confilis, is the way of making the Divifions, which! think, is

far beyond the Common way, both for the certainty and eafe

ofmaking, arid fecondly, for the plainnefs and certainty oi ir,

in being diftinguiflied 5 nor is it capable of lefs accuratenefs

for meafuring, then the Sights are for diftinguifliing. And it

excels all the Common ways of Divifion in the fe particulars : •

I. That it is made certain and not byguefs we being nor at

all to depend upon I he care, credit and diligence of the Indru-

ment-maker, in dividing, graving or numbring his Divifions,

for the fameScrew makes it from end to end, as you will fee by
and by. 2. That the Divifions are not at ail difficult tobedi^

*ffingui(hed, and there is no uncertainty in the Fabrick, nor
can there beany reafonof mifiake, there being nothing to be
looked after, but the Numbers ex prcffed in Figures at large,

fuflficiently plain to any one that can read the Print of a large

Church-Bible. It excels the Common ways thirdly, upon
the account ofits Compendium ; for whereas by Ticho's or He*
%>ei/MS way, the Inftruraent muff be made of t so foot Radius

at leaff, eafijy and certainly to difcover and diflinguiflj Se-

conds, in this way it may be made to do ir within rhe compafs
of 3 foot Radius. And whereas in either oftheir ways, evenin

aw Inftrument of i $0 foot Radius, the Divifions are not eafily

di/linguifficd and difcover'd without the help of Glaffes, in

this way they are madefo eafie and plain, that a man cannot

miftake, that is able by his naked eye to diftinguifli Decimals

of an inch. Now that this is fo, as I affirm, the Reader will

eafily underftand, if heconfiders, firft, that the bigncfsofa

minute is hardly half an inch, in an Inffrumentof i5ofoot Ra-

dius, and confequently the bignefs of a fecond is but ~ of an

inch,



inch, ^vhich to a good eye is but barely a vifible point at the
bell advantage, and to mort ejfes is not diftingjilbable Wiihout'
ipuch difficulty, and to very many notat airwjchoirt ihehefp^
of Glafles. Now though Ucvclim pretends to be' able to OO"
much by the help of thcnew way ofN(;/!?w/^, Verhier^ or He^
dreud^ yet if he confiders what J have now faid, he will be of
much another mind,, a Radiu> of j o fpot being belt a i ^th. part
ofoneofrso, andconfcquenii^t^ery 1 20th. part of anf inch,

beingnolefs then i.s whole S^cgnd^.' At l^afl," I am Pure, he
will be convinced that his pwh is not triic;, \f he look upon
that Specimen of it which he hath printed m his MAchim Co-
Ufiity in the PlatcT. with a uioderately macnifying Giafs, as

Ihjntcdrohi,n>bef)re, w|!t|funl)frutidcrftan3^ trarh

of my AflTeirtiou,. jfh^ con(idcrsinthe neikt pljce, that by the

he]p of the Screw, lajnablc to make the bigrrefsof a Minute
asmuch as \ pleafe j for fince* in an lof^rumenc of $ foot RadJ-

i^s, a Degree isfome>vhat better t^]ej:)ap inch, 'cTs eafie enough
10 iwdcrfland> that there njav .be. ^39 T^rieads eif ^ Screw in

the'length ofan inch, .'and conlequaitly^hejiJ'e will be bit 2 Ml-'

nutes to fill up the,whole Circle 0/ the Ipd^Jt-Plate, and conl^-

quently if the Circle be 7 inches Di^i'neter,'the Circumfe-

rence \y ill be almofl 22 inch?? aboutp apd Cpnfeqtiencly the

bignefs of aMinute ndt'lefs ^hcri.i^f;, afc'd tjoe bigncfs of a Se?

cond .
not;,'mudj.lcfs, then the $th.' j^ajrVof an fn^^^ "Now the

Index-jPIate e ih the firft and 1 1 th. .Figured, flie'ws exa6Iy t]ie

number, of, P^^volutions, and!.t^eHand:5in the fame Fignr^^s,

(he\va the parts,pf a Re volutic^n, ^ndbpth thefe in Chara^ers

larg^ and diflm^t jpoougli V^n(J tberefcire the gertainry and
triJtli ofi,hifi;i^^j:(i;qn.car>fi9tb .

-

T^^tyfd^i^ Makea Fr^meof a

Qpadrantjx banj^^cr^d tfbnV after tliepanher exj^refred in the

tirft tigurV, and in^ Center thereof^ of raifea holbw Cy-
Jinder». wjiofe hoIlp,^^ fr)gy be'about^jSj^^ of Its Radius,

i^idivhpff,cpDv^)f j^jrt may t^e^bout a lot^i j; leave'tTiis ftand-

jjQg.atoyet^ Plain,pfth^C^^ ofthe Radi-

us, .let the out-ude of this Gyliaacr be made ^ exa^ly round
as /tis pofliblp^ be turned or v. rough t, then fiiake a Ruler or

Plajce, witha,rauud hokih it.af o^cer^^ ^tuVn^ groun'dand
filled exaflly about the above-meriti6nM'C>'j indcr, and as

G long
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long as you defign the Telefcope for the Sights of the Qua-

drant, this by a Screw on the top thereof muft be kept clofe

and fteady upon the faid Cylinder : Upon the end next the

Limb is to be fitted aSocket or Frame with Screws, to cany

the Screw-Frame fteady and firm, according to the contrivance

cxpreft in thefirft and 1 1 Figures ; this Plate muft be filed or

bended at that part of it which touches the Limb ofthe Qua-

drant, fo as to lye obliquely to the Plain ofthe Quadrant, and

to be parallel to the Plain of the Frame which carries the Screw,

and upon the part beyond the Limb muft be fixt with a Screw

k, the Frame h h h, which carries the Screw 999, and the

Index-Plate tt ; the contrivance of this Frame hh, is to

keep the Screw 999 clofe againft , and very fteady to the

Limb of the Quadrant, and is moved to and fro upon the

Limb of the Quadrant bbb, by the help of the Screw turn-

ing upon and againft the edge of the Quadrant 5 and thisScrew

byreafon of its diftance from the center and eye, (the reafon

of the placing of which in that place you will underftand by

and by) being too far off to be reached by the hand, is

turned by a fmali Rod of Iron, 000 in the firft and n Pi-

gures lying by the fide of the Ruler or Plate, which hath a

finall Wheel q q, at the end next the Limb, by which the

Screw is tum'd round with it, and hath a fmall Handle or

Windle p p next the Center, by which it is made convenient

to be fo turned round. Upon the end of the above-mentioned

Screw-Frame h is fixed a round Plate tt, which is divided

into 1,2, 3, 4, or 5 hundred equal parts, according as it is in

bignefs, and as it ftiallbe thought convenient, which Divlfi-

ons are numbred and marked accordingly, ferving to (hew

what part of a Revolution is made of the aforefaid Screw ; for

the end of the Screw 999 coming out through the middle

thereof, and aHand 8 beingfaftnedupon the faid end, every

turn of the Screw doth make a Revolution of the Index upon

the faid Plate ; and confequently the motion of the arm made

by one turn ofthe Screw, is actually and fenfibly divided into

^1/2, 3,4, or 5 hundred equal parts, which is fo exceeding

cxaft, and wilhal fo Mathematically and Mechanically tnie,

.that *tis hardly to be equallized by any other way of pfoceed-

irig. This Dcfcription will be much, better underftood by



the Explication of the Figure, and the feveril pafrj there-

of. .

Let aaaaa, d-c. reprefent the Frame of the Quadranr,

coiififtingof 5 Bars, radiating from the Center, ileadycd all

of rhem by a Quadrantal Limb, and a Jflraighc fubtending

Chord Bar ; this whole Frame is to be made of very good
Iron, partly welded and partly fodered together with Brafs

;

the breadth of the Bars uiay keep the fame Proportions ex-

prefs'd in the Figure, and the thicknefs may be about r 80 part

ofthc Radius in large Jnllrumencs. In the Center of this, out

of thefolid Bar, is toberaifed a Cylinder, as d d, exprciTed

above more plainly in the 2d. Figure^ the out-fide ofthis Cy-
linder is to be turned and wrought, as Founders do their

Stopcocks, as exaftly as pofiibiy it can be, and the end of

the Iron Plate or moveable arm c c c c, fbaped as is exprelTed

in the 3d. and firft Figure, muft be bored and wrought upon it

very well , fo as they may turn exa6Iy true
,

evenly and

fmoothly, without any manner of kicking or fhaking, which a

good Workman will eafily perform. This arm being put on

the Cylinder, is fcrewed down faftby the help of aScrew-

Plate, exprefled in the 4th. and firft Figures by e e, which

hath two notches in it ff, by means whereof a Handle gg in

the 6th. Figure, doth readily fcrew and unfcrew it, as there

is occafion. Between this fcrew'd Place and the hole of the

Plate c c c c, is a thin Brafs Plate, let on upon an 8 fided part

of the Cylinder, that fo the turning of the Plate c c cc, may
not have any power to unfcrew the Plate e e, \\ hich otherwift

it is very apt to do. Why this Center is thus made, and a bole

left in the middle thereof, you will (hortly underhand more

plainly* Upon the Iron Limb of the Quadrant laft menti-

on'd, is fcrew'd and rive:ced a Limb of fine Brafs, firft caft

into that fhape , and then very well hammer-hardned and

filed, reprefented in the Figure bybbbb: This, as I faid,

by many holps drilled through the Iron and the Brafs, is fcrew-

ed and rivetted upon the iron Limb, fo as about half an inch in

a Quadrant of 5 foot Radius doth over-hang the iron Limb,

and the ends thereof extend a confiderable deal longer then the

Quadrant, the read^n and ufe of which ^ou will by and by un-

derflan^J, when I give the Deferiptipn of the Screvs'- Frame.

G 2 TK
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The edge of this Brafs Lii^b muft be, by. the help of the Plate

cccc, and a fife or Plain," cut Tcry exaftly round,, to an-

fwcr the Center of the Qiiadranr^ and the upper fide thereof

muft be plained exaffl'y fmooth and flat, upcjn which Plain-fide

the Loop-holed Plate cccc mufl move, as is vifibie in the

Figure, This Plate at ii muft be wrenched or wreiched, fo

that the Plain thereof mufl ftand parallel to the Plain of the

Index- Frame, and by the wreithing of itac i i, as aforefaid,

there is i*oom left for the Screw to lye obliquely, without the

Screws touching the aforefaid Plate , or grating againft it*

The reafon why I put the Screw obliquely to the Plain of the

Quadrant is, that that part of the Thread which foucheth the

edge of the Limb, may be exaftly at right Angles, or perpen-

dicular to that Plain, and confequently that the Teeth upon
the faid edge, may likewife beexafily crofs or perpendicular
alfo, and confequently that no bending of the Rule cccc,
(to the end of which the Frame of the Screw is faftned) may at

all vary the Angle, nor any unequal thicknefs in the Limb of
the Quadrant, but that the turning only of the Screw fliall

produce a variation, and that exadtly proportionate to the

number of Revolutions, and the parts thereof^ fhew'd by the

Index.

The way to know exaOly what the obliquity of the Screw
ought to be, to make the Teeth upon the Limb perpendicu-

lar, is to number how many Threads of the Screw there are in

a known length, and what the Compafs of the faid Screw, or
the Cylinder out of which it is made is, and multiplying the
faid Compafs by the number of Revolutions intoaProdud,
the Proportions of that Produ^l to the known length, will give

the obliquity of the Screw, the Produ6 being the Radius,

and the known length the Tangent of obliquity, thus; Sup-
pofe in the length of 4 inches, there be 83 Threads of the

Screw, and that the Compafs of the Cylinder of thefcreW be
l£2_ Centefros of an inch, 1 multiply the by S^y .&.c num-
ber of Revolutions, and itgivcth me 7613^^ thatMs 76 inches,

and 36 Ccntefms of an inch, making this Produft the Ractius,
and the known lengthy vi^. 4 inches, the Tangent of iheob-
liguityof the Thread of the Screw to the Axis rhercpf,. or of
.^kf?^-*?, 9^ ^^^Sjcrc.^,^?;he.?fJ*>n Jhe Quadranr.' The de-

Al '
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monftrationpf ihis is To plain, that I need not infift upon it,

for the length of thf Jhrcad of the Screw is t^e Secant, the

Com pafs of the Cylinder is the Radius, and ihebignefsofthe

Thread, or the Di (Janqc (between two Threads, is the Tangent,

in 9 right angled Triangle, and the Screw is fuch a right ang-

kfl Triangle, wound about a Cylinder, putting the Tangent

thereof parallel to the Axis of the Cylinder, and confequent-

ly in the Mechani<?a] trypl of ihefc Proportions, the more
Threads are taken to jwake that comparifon or meafurement,
the more exa(S the inclination found. The confideration of
which doth'plainiy (hew, how exaft a way of Divifion this by
the help of the Screw is, for the whole Q^iadrant is thereby
refolved into one grand Diagonal, the fanie with the Triangle,

the length ofthe Thread upon the Compafs of ihe Cylinder be-

ing the Diagonal, and theDiftanceof the two ends of thofe

Threads, in a Line parallel to the Axis, being the fpace to be

divided by it, and confequently by augmenting the bignefs or

Compafs of the Cylinder, and diminifbing the Thread, yon

may augment the Diagonal in ;iny Proportion aHlgntd. Or by
making the Hand or Index upon the end thereof, of double,

treble, quadruple, decuple, ^q, of the femi-Diameter of the

Cylinder, out of which the Screw is made, you may dupli-

cate, triplicate, quadruplicate, decuplicate, ^c, the faid

length of the Diagonal, in Proportion to the fpace to be di-

vided.

The next thing then to be deferibed is the Screw-Frame,

made of Iron, much of the fliape reprefented by h h h, in the

firft and rr Figures: This Frame, by the help of a Screw
throUj»h the aforefaid Plate, whofe head is expreOtd by the

round head k, is fixed on to the long Plate from the center,

and by thehelpof the Screw I, is forced and kept dov\n very

clofe, upon the edge ofthe Limb of the Quadrant ; the Frame

hath 4 Col'ers for the Screw-Pin to run againft, which are in-

deed but half Collets, fervingonly to keep the Screw fteady ;

two of the fe are made with moftcare, marked with mm, in

the iith. Figure againfl mi, doth reft the Shoulder of the

Screw-Pin 3, which is kept clofe home againft it, by the Cy-

linder gg, in the 10 and 11 Figures ; the fliarp Conical

Point of this Screw 99, goeth into the Conical hole, nt the

end



(54)
end of the faid Cylinder ggg. Thcffiape of .bis Cylinder,

and the Screw by which it is forced againft the end of the

Screw 99>isreprerentedirithcioth.Figure; 7 inthc9th.Fi-

gurc rcprcfenis the Conical Point ; 3 the place lying againfl

the Col tr m i ; 6 the Screw that moves upon the edge of the

Limb of the Qiiadrant ; 5 the Nut or Pinnion by whifih the

Screw is turn'd by a Rod ftoin the Center, cxpreft alone in the

8:h. Figure, but the manner how it lyes in the Frame, isex-

preil by ppoooinFig.r.ooo reprefenting the Rod;p p the

Handle by which it is turned ; qq the Nut or Pinnion that

lurneth the Pinnion 5 ofthe Screw; s r the Col lers or Holes

that hold it faft to the moveable Plate or arm of the Quadrant

;

s s reprefenicih two fmall pieces that clip the edge of the

Linhy and ferve to keep the Screw-Frame fteadyand true in

its oblique pofture, and move equally on the Limb, byaftrong

fpringing of onefideof it ; 1 1 reprcfcnteth the Index-Plate,

which is divided into what numberof parts are thought nccef-

fary, i, 2, 3, 4, or 5 hundred parts, according to the bignefs

of the Thread of theScrewat 6, a greater Thread requiring a

moie minute Divifion, and a fmaller Thread requiring a more
grofs. Thefe Divifions are pointed at by the Index 8 at the

end of the Screw, and the number of Revolutions or Threads

are marked on the Limb of the Quadrant, and pointed at by
the Tongue e e, upon the which is faftncd a fmall Pin f, ferv-

ing to carry a Lens over the Point of the Tongue, which

nukeih the number of Threads appear more plain and big:

The manner of doingwhich upon theFrameof the Screw, is

fo eafie, that Ifliall not fpend more time in the Explication

thereof, and the manner of making the whole Inflrument, will

be eafie enough to any ingenious Workman 5 but ifany perfon

dcfifeoneof them to be made, without troubling himfelf to

dired and overfee a Workn«n, he may imploy Mr. Tomfioft^

a Watchmaker in II ater-Lanc near Fleetfireet ; this perfon I re-

commend, as having imploy *d him to make that which I have,

wheret)y he hath feenand experienced the Difficulties that do
occur thereia, and finding him to be very careful and curious

toobferve and follow Dirc6ions, and tocompleat and per-

fect his Woi^, fo as to make it accurate and fit for u(e.

By
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By tbe help of thcfc Indices, *cwill be eafie and plain to fee

how iiAuy Revolutiona of the Screw, and what parts of a Re-
volution make a Quadrant ofa Circle, and confeqiicntly 'cwill

be eafie to make a fmall Table, which flial! ftew w hat parts of

a Quadrant, divided into Degrees, Minutes and Seconds, will

be defigned by the Revolutions, and parts of the Revolutions

of the Screw. As for inftance, If I find that 1600 Revoluti-

ons and |pi3 make a Quadrant, then 1

7

I788 Revolutions make
a Degree, and |2p6 Millefms of a Revolution make a Minute,

and about 5 Millefm^ make a Second, ilience 'twill be eafie to

find ( if you obferve ) an Angle to contain 294I358, that is,

2^4 Revolutions, and 3s8Millefmsof a Revolution, that the

Content of that Angle in Degrees , Minutes and Seconds,

is 16 Degrees, 3a Minutes, and 47 Seconds, which is plain

enough, and much lefs fubje6 to millake, then the common
way made ufc of. I Ihall therefore proceed to

The third particular, wherein this Inftrument exceUallo-

thers,and that,is,That oneObfcrvator with a fingleglance of his

cye,at the fame moment doth diftin6ly fee,that both theSighrs of

the Inftrument are exaAIy direfted to the defired points of thie

two Objefts, and this, though they be removed by never fo

great an Angle, nay, though they are oppofite to each other

direftly in a Line. This, I queftion aot, will by all that

know any thing of Inftrumcnts, or celeftial Obfervations,

be accounted one of the greateA helps to fuchObfervations,

that was ever found out. For whereas other Inflruments re-

quire two Obfervators, for taking a Diftance in the Heavens,

and ticho generally made ufe of four, amongft which there

was neceflary fo unanimous a concurreoce in their readinefs and

certainty, that the failure of any one fpoyl'd all the reft, and

made the Obfervation become uncertain and of no ufe ; and

fuch Inftruments as were contrived for one Obfervator, were

accompany 'd with fo great diflficulty, in the adjuf^ing to both

theObjeGs, being both in a continual and fwift motion, and
but 9ne to be feen at once, that they were generally left offand

dif-iifed, there being fo vaft a trouble and fatigue of looking

now upon one, -'then upon another, by many repeated tryals,

and fo many new fettings of the Inftrument to the Obje6s in

motion , before the Sights could be adjured , befides the

great



great uncertainty at tne fcelV, of fevcral Minutes of the truth

in this way, the ObfcrvaTtor has no farther trouble, thenfirft/

to ftt the Plain of the Quadrant in the Plain of the Objefts,

and by the Screw to move the arm of his Inftrumenr, till he

perceive both the Objeds to touch each other, in thofc Points

he would meafure tbe Diftancc between. That this is fo, he-

will cafily perceive, when he underflands the method of fo
adapting two Telefcopes, that by looking in at one fmall hole

in the Cideof one of them, he will be able to fee both thofe

Objedls diftin^Iy to which they are^ ireded , how much
foevcr feparated. The way then of doing it is in fhort

this.

Joyn them together at one end, by a hollow Joytir that ha's

a hole through ir, about J of the hollow of the Tubes, prepare
two fqua re Tubes of Wood, Brafs, Iron, ^r. of whar length

you pleafe, and direftly againft the Center of ch^sholeinthe

Joynt, make a fmall hole, about (he bign'efsof the bl^(cke(l

part or pupil of the eye, fb as the ^ye Tookhrg in at that holt;

may fee perpendicularly into the Iow^r Tube, then obliquely
place two pieces of refleding Metal, very well and^ruely po*
liflit, f ) as to refled the Axis ofboth thofe Tubes,* i^erpendf-

cular or af right Angles, w hich is by fixing the Plain of the

Plares,'^ ibdlfued f > the fa(d A^i?, in aft Aitgli^ .6/ 45 Degrees;
let ^he npptr rtflex Plate"reach from the upper lide ofihe Tube^
fo Io\Y as to touch the A>fis Or* middle ofthe Tube, and lerthc

lovyer Extend over the whMe Tube, from the top to the bot-
tom*,. 'and from one fide to ^he other.

, Theft will be known to
be duely placed, if 1 JoTving iiT^t ?h(?'-fiivilf ht)!e-a^ainfl the

(tenter of ^he.Joynt, the two' roii/ld fi6J^s, of Hie- Tube do api-

Ipear to iheey'^ to coaVicfcc intt (ine;'^4tid'tH^^ the'cy^ fee^* dt^

re61y . through, the lengllis of Vheilr'bdth all'ke. Theh into

thefjL'^Xut^s^fictwo Telelcqpe's,^ wjth conviqxiEye-Glalfes, afid

<:rorsThreads f^r ^S'gHts in t'heir Poy,; t firft^^iey hi&y be bo<h
pf'theni ^t'due diaance frdm'th«^>yH^*te(^Hki^ 'af'thefide^

thfh opening thofe Tilb(^HlpM''^ He TiT^

'Angle^ .ar\d looking in at the fide hol^, yop' ffiaffi pfafMy di-

ftliifiiuflHitbhce both theObj^i^L 'iW rfW'broogHt intoth^
• :Tub-sdiredi:y, and refieaed n't?) rtf^>y^^ ' '

'
-

that this may be the plaint uny^ftcftid, ^^Jj^lj atWi fcti

lineation thereofi/tfUno. Let
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Let a a b b iii the r 2th. Figure reprefent the upper Tuber
anci,cccc the lower Tube, aiid Jet dd reprefenc that parc

of the Joynt, which belongs to the lower Tube, at one end,

by which they are ;oyn'd together, and can be opcn'd iii the

manner of a Senior. Let i reprefent the hollow or center of
this Jojnf , which cotDinunicates the Cavities of the two Tubes.

Let c e reprefent that part of the faid Joynt which belongs to

the upper Tube, being only a hole through the lower fide,

big enough to incompafs the Cylinder d d of the lower Tube ;

and let rr reprefent a Plate fcrcw'd or pinn*d on, to kecpi

the pans ofthe Joynt together inftead ofrivettiog. Let s re-

prefent the hole in the fide, by which the Eye h is to look in,

and f the reflex Mcttal in the upper Tube, reaching only ha'f

way the Tube, and gg the reflex Metral in the und^r Tube,
reachingovcr the whole Cavity 5 then will n o and p repre-

fent the Eye-Glafs, Sight-Threads, and Objedl-GIafs of the

upper Tube, and k 1 and m the fanie parts in the lower, and
whatever Ang'e the Tubes make to each other, whilft they

open upon the beforc-mention*d Joynt, the Eye h looking in ,

at s, will fee direftlybythe Axis of them both, and fee the

Sight-Threads diftind^Iy crofllng the Points of thcObjedis,

whofe Di ftanccs are to be nieafured,

Thefe being thus explained, I fuppofe, it will bcnodiffi-

cult matter for any man to conceive, how thefe may be apply'd

to rhe above-defcribed Quadrant 5 for 'tis but fuppofing cc,

the upper fide of the under Tube in this Figure, to reprefent

ap ap, the fixt fide arm oftht Quadrant, and dd the Joynt of

this, toreprefent dd the Joynt ofthe Quadrant, and bb the

under fide of the upper Tube, to reprefent ccc the move-

able arm of the Quadrant, and applying two Tubes to thefe

parts, and fitting them with reflediing Plates, Eye-GlafiTes,

Sight-Threads , and Objeft-GlalTes , at due Diftances , the

whole will be performed.

Thefe Tubes thus fitted, will ferve to take any Angle lefs

then a Quadrant, to what exadnefs i defi'-ed, but for bigger

Angles, the Contrivance muft be fomewhat varied, the Dc-

fcription ofwhich I fballnow add.

Let cither of the two Tubes for the Sights, be made ofdou-

ble the length of the other, . that is, let it be as long behird the

H C-iiter



Center as before k, and mai^e the Reflex-Glafs, that it may
be turned round, and refleft the Ray exactly backwards, as

before it did forward, then fix into ibis other halfofthe Tube
a Telefcope-Sight, in all things fitted, adjufted, andlikethe

other two, then adjuft thctn, that they nay lo^k forwards and

backwards in the fame like, which being done, the Reader

will eafily underftand how any Angle may be taken, even ro

the extent of two right ones : For 'tis plain enough, that the

two Tubes I firft defcribed, apply'd to the C^uadranr, will

meafureany Angle to a Quadrant or right Angle ; and 'twill

beas eafie to underftand, how by the help ofthe Revcrfe-Tube,

any Angle between a Quadrant and two right Angles may be
nieafured.

To make this a little plainer to the Reader, let c c c cc in

the r2th. Figure reprefent the under Tube or fixed Sight,

s the hole or Eye-cell, tr a round piece carrying the reflex

Mettal g g ^ this is made to turn round,and the refleding Mettal

g g being fixed to it within the Tube , is carried round
alfo with it. Let s i k 1 m X reprefent the Ray pafTing

forwards by the Eyc-GIafs, Thread-Sight, and Objed-Glafsj

then this round piece t r being turned and ma^e rt, as in the

13th. Figure, isreprefented, and with it the refleding Metral

g g, here marked q q, being turned alfo ; the Line s q k 1 m y
will reprefent the Ray refleded, and pafllng backwards by the

rcflex-Mettal qq, Eye-Glafs k, Thread-Sight 1, andObjcd-
Glafs y.

The meafure ofthe Angle is found by the fame Apparatus or
Screw-Plate; forasmuch as the Screw-Plate would (hew the

Angle lefs then a Quadrant, if the fore-part of the Tube were
ufed, by fo much is the Angle more then a Quadrant, if the

reverfe or back part ofthe Tube be u(ed ; and the fame reafon

of the accuratencfs and certainty for the one, is good for the

other, without being lyablcto any manner of Objedion or In-

convenience*

It remains therefore now only tofliew, Firft, How thefe

iwo Perfpedive or Telefcope Sights, placed withiii the fame

Tube, may be made to look exattly forwards or backwards in

the fame Line. And fecondly, How they fhall be adjufted to

theTelcfcope, fixt upon the moveable arm of the Quadrant,

fo
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fcyas tokn(>wwheritheDivKio»-AngIebeg!nj, and when ihef
are opcn'd to a Quadrant, right Angle, or 90 Degrees ; for

unlefs thefc be afcertain^d, and-fixt to as great a meafure of ac-

curatenefs, as tlie contrivance ofthe Screw is capable of divi-

ding, or the Telefcopc-Sights arc capable ofdiftlnguifliing, or
the Perpendicularity afcertain'd , all the pains, care, in-

duflry, and curiofity, befk>w*d about ihc other, arc of no
life. •

Firft then, For fixing the Thread-Sights of the twoTelef-
copes within the fame Tube, fo as to look direftly fbrvvard

and' backwards, care mu ft be taken, that every one of the four

GlafTes, that is to fay, the two Objed-GIaflTes, and the two
Eye GIaffes, muft be fo iieadily and fecurely fixt into the

Tube, that they cannot by any means be ftirr'd or removed

;

the manner of doing which, I fuppofe, fo exceeding eafie,

that I need not fpend time in deicribing a way to do it. Next,
SuflBdcnc care muft be taken of theftiffnefs of theTube?, that

they may not warp or bend. Thirdly, One of the Thread-
Sights muft be fixt as firmly and fecurely as the Glaftes, and fo,

that the croiriqg of the Threads may be, as nearaspoflible, in.

the Axis of the Objed and Eye-GIafs, the other Thread- Sight
muft be left free, till by feveral tryals it be found to ftand cx-

aftly in the fame Line with the (irft 5 the manner of doing
which, I ftiall nowdefcribe.

There being two Threads which crofs each other, the one
Perpendicular and the other Horizontal, cair muft be taken,

that both thefelye exaftly in the fame Lines with the Horizon-
tal and Perpendicular Threads in the other Sights ; and in

order thereunto, there muft be two Frames of Brafs, repre-

Icnted in the 29 and 30 Figures of the 2d. plate, of the big^

nefs of the hollow of the Tube; thefe muft have groves made
in the Tube fit to receive them, in which they may by the help

of Screws be moved, and made to flidc to and' fro, as there it

occafion, for their adjufting. Next, They muft: lye fo clbfe

together, that the Hairs may touch each other. And thirdly^

They muft crofs exaftly in the Focus of the Objed and Eye-
Glafs. One of thefc Frames muft carry the Perpendicular

Thread, and by a Screw in the fidrofthe TiJbe, mnft be move-
able to the right or left fide, as there is occafion ; the other

H 2 ' Frame
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/ Fraoie snuft carry ihe Horizontal Thread, and by a Sacw in

the top of the Tube, muft be made to rife or fall in the Tube,

as there is need. The Mechanical Fabrick of which is fo eafie,

that, I hope, I need not fpend time in the further De-

feription thereof, but refer the Reader to the 29 and 30 Fi-

gures.

Thefc things being thus done, from the top of fomc Turrer,

or any other Station, where twq^oppofite places at a confide-

rable diftancc, as half a mile, or a mile or two, can be plainly

fcen, find out two Points, which, at the firft looking through

your GlafTcs, you find to be (hewn out by the CrofTes of the

Thread-Sights, then note thofe Points very diligently, that

you may be fure to find them and know them again, when you

have removed the GlaflTes ; this done, turn the ends of the

Tube, and ( if you were looking Eaflwards and Weft wards )

turn that part towards the Eaft which before looked Weil-

wards, indviceverfaf and find out the two Points you f;iw in

the former Obfervation, then direfting that part that hath the

fixt Threads, to the Point that was feen before by the move-

able Threads, find out the other Point, which you will be fure

to fee within the compafs of your Eye-Glafs, antl obferve how
far the crofs Threads are now removed from it, either North-

wards or Southwards, upwards or downwards, then, as near

as you can, by your judgement halfthat Difierence, and by the

Screws move the Frames, that the Threads may fland in the

middle between the two Points, then take notice again of the

Points ftewn by the Threads, and turn the Tube again: Do
this fo many times, till you find upon converting the Tubes,

that you fee the fame Points to be marked by the CrofTes of the

Thread-Sights, w^ith which end foever you look on them, and

then the Tube will be exaft and fit for ufe.

Thereafbn of this adjufting will be fuflliciindy plain, to

any one that fljall confider the 14th. Figure: Where let v re-

prefent the middle ofthe Tube tub, or the place of the Eye,

and let w reprefent the Objeft feen Weftwards, and e the

Ob;e6 Eaftwards, at the firA view ; then keeping the middle

of the Tube exa61y upon the fame Point u, turn the end of

the Tube t towards the Eaft , and the end b towards the

Weft, and find out firft the Eaftern Objeft e, and finding the

i other
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other Crofs todircft now to t^ePoiiit p, and not to w, di-

vide the Diftancc betwcert^hePoint w, and the Point p, as

cxa^ly as you can, in bal^. vrHich if yon chance to hit exa61y

at firft, it will be the uwddle Point ro, but if you do not, buc

you re6ifie it only to then by the next turning of your Tube

you will find s, where you nnift again reftifie to half the D?f-

fcrence between s and r ; now the Difference being grown

yet lefs, you will a 3d* or 4th, thne fet it fo exa61y, as to fee

the Points lu and e, which Jyc in the ftraight Line with the

Center of the double Tube.

The 4th. thing wherein this Qiiadrant exceeds the Common,
is for its accuratenefs for taking Altitudes ; and this is done by
the help of a Water-Level, foradjuftingthe exaft Perpendi-

cularity thereof. This Level may be made and fixed fo exact-

ly, that any Obfervator may be fure of the Level of his Inftru-

luent to a Second or two. The Level it felf is nothing but a

fhort Tube of Glais, about 6 or 8 inches long, Hermetically

fealed at each end, and filled with a Liquor that will not freeze

nor grow foul withftanding.

TheGlafs, as near as can begotten, fliould be Cylindrical

and ftraight, ic being the better the nearer it be to a flraighr,

provided it have a fenfible bending or fwelling in themiddle,

the gibbous part of which fhould be fet upwards, and a pro-

per Cell and Box made for itof Brafs.

This Glafs is to be filled almoft full of diftill'd Water, to

which about a 3d. part of good Aqua-fortisor fpirit of Niter

hath been pur, to keep the fame from freezing, and alfo from

growing foul, then carefully fealed up Hermetically, and p'a-

cedin its Box of Braft, and with hard Cement fixed into the

fame, which by Screws is fixed to that fide of the Quadrant^

that is to lye Horizontal.

The Brafs Box being thus fixed to the right fide of the long

fixt Tube ap ap ap, and underneath the Qiiadrant, fo as not

to hinder the free movement of the arm c c c, as at x x \ the

. next thing to be done, is by it to fet the Quadrant truly Hori-

zontal, which is thus perfomied.

Setting the fide a p ap a p Horizontal, and the Limb of
the Quadrant upwards, and looking in at the Center, take

notice of twoObjcds in the Horizon oppofice to each other,

obfervc



obftrve the limits of the bubble of Air on the top of the Li-

quor, on each fide of the middle of the Level, aad make a
marlc, then turning the ends of the Quadrant, fct it, till the

ends of the bubble ftand as in the former Obfervation j then

look again at thofeObJe^s in the Horizo i, and find what the

difFercuce is between thefe oppofitcObjefts, andthofein the

former Obfervation ; then halve the difference between them as

near as you can, and by your eye fee the Sighcs to the middle

bitwecn them, by inclining the Quadrant, then by the Screw
that reftifies the Level, fct the Glafs-Level fo, that the ends of

the bubble may be equally diftant from themiddle, and con-

vert the Quadrant again, and fee if the ends of the bubble

Handing at the fame marks, the two oppofite Telefcope-Sights

do fee the fame Objcfts, for if fo, you are aiTured of the pcr-

feft Horizontalicy of the Sighcs, upon the fixe arm of a p a p ;

but if you do not find it to dire^k to the fame Obje6s,

continue examining and converting , till you find it per-

k&.
Now this way of Pcr|:)endicular being Cub)tCt to the incon-

venience of heat and cold, which doth rarifie and condenfe the

Liquor, and confequentjy make the bubble of Air lefsor

more, care muft be taken, to mark all the varieties of thofe

kinds of the bubble, that ane caufed by the degrees of heat and

cold, which you may thus eafily cfTeft.

Reduce the Liquor in the Tube of the 24th. Figure, by the

help of Ice and Salt, to as great a degree of cold as you can^

then by the metliod newly direded, fet the Quadrant Hori-

zontal, and njark theXwx) ends ofthe bubble with 44, then by
gently applying heat to the ambient Air, wariii likesvife the

Water, and obfcrve the expanfion thereof at both its ends,

and mark them on the Glafs with thepoint of a Diamant, as

33. 22. ri.oo* which being done, it will bce?(ceeding eafie

at any time, to adjufl the Quadrant to any accuratencfsdefi-

red, by beingcarcful tp fee, that the two onde-of the bubble
be proportionably e^^endcfJ, a^ to go. i,jr„2 2,33,44,
or to any intermediate fpace.

: ; .

The Contrivance offeflening and adjoftingthis Level :to the

Quadrant or other Inflrument, willbe very eafily underftoodi

by the Delineation thereof in the 24{tif.FjgurcK

Let
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Let -aa aa reprefbnt the Frame or Mate of Brafs, which
by four Screws d dd d ,t:j^ jfixed to the Tube

, as before.

This Plate hath 4 upright Oeeks, bb, cc, between which
theBrafsBox ecef, (irvtrt which the Cylindrical G'afs-Le."

vei ffy is^ixed with hard Cement^ is held fleady, without
any manner of fliaking. This Brafs Box, at the end of it near
the right hand, hadi a PtVots, which are fitted exa^Iy into

2 fmall holes in the Cheeks c c, and at the other end next the

left hand, hathaffl^all Sctiew-Pin g, which holds it downfall
to the bottom Plate, and keeps it from rifingout from between
the Cheeks bb, whit^ avery ftrong%>ring lying underneath

it, between the Plate a^, and the Box ee<, would otherwife

force it to do. B7 this Screw fhe Level is to be adjufted to

the Sights of the Quadrant, by the way I juft now dcfcribed,

and being once thus adjured and fixed, 'tis not eafily put out

of order, without moving or altering the Screw g, which
may eafily be prevented by 100 Contrivances.

The Reafonof th« accuratenefs of this kind of Level, will

be eafily difcover'd, ifweconfider, that the upper part ofthe
Tube being very near to a ftraight Line, isconfequently ei-

ther a part of a Circle of a very great Radius, or of fome ir-

regular Curve, very near of the fame nature with a Circle, as

to this bufinefs of Levelling, and cbnfequently a Degree of th^

fame will be proportionably large, and the flexureofthe Tubl
may be rnade of a Curve of fo large a Radius^ that every Se-

cond of Inclination may caufea change in the Level of a very

fenfible length*

This can hardly be performed by the ordinary way of
Plumbets, without hanging from a vaft height, which is not
pra6icably to be performed, without almoft infinite trouble;

expence and difficulty, and when done, can be of no ufc in

the World, as any one will grant, thatconfidersthe vaft Appa^
ratus that is rcquifite to obviate the great unfteadinefs of
Buildings, the motion ofthe Air, and a multitude of other in^

cumbrances.

Now the Curvatnrc this way made may be a portion of a

Sphere of 1000 foot Radius, or more, if it be defired, and
confequenily a Minute of the fame will not be lefs then of
afoot, and every Second will be almoft half aCentefmofa

foot.
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faor, which is fufficiently diftinguifliablc to the naked eye.

hbif the Glafs Cylinder be 9 inches long, it may contain two

w hole Minutes of fuch a Circle between 1^ and f, and one be-

tween 4 and 4, and confcquently the faid Glafs may be fee Ho-

rizontal to the certainty of a Second, which is hardly to be

afcercain^d any other way.

Eur there remains yet one great Difficulty, how to be able

to make fuch a Curviture, lor though the thing be true in the-

ory, yet is it not w ithout fome trouble, put in pradice. Ve-

ry few Glafs Canes are fo conveniently bent, as is defirable,

and 'tis as difficult to find them true ftraight.

To prevent this, IfGlafs^Canesbeqfcd, there muf? be much
care taken, and many tryals made, for the finding what pieces,

and what fide of ttofc pieces will be moft fit for this purpofe,

for our Glafs-Houfe Workmen know not yet a way, certainly

to draw them of this or that curviture or ftraightnefs, nor arc

they eafily ground into a ftraightnefs or curviture by the Glafs-

grinder afterwards, though that; can be done with fome trou-

ble. But diligence and tryal will quickly find fome piece or

other, that will be fufficiently exaft for any tryal, among
ihofe which are only drawn at the Glafs-Houfe, 1 made ufe of
one of another form, fuch as isdefcribed in the 25th. Figure,

yhichlfound to do exceeding well, the dark part reprefcQt-

ing the Water, and the lighter part the Air. This was made
of two GlalTes, drawn in diftiodl Pipes at the Glafs-Houfc,

but joyn'd together in the Lamp, and the upper part of the

Jarger or under Tube, was incurvated with its convexity

downwards, fo that the Water touched the midd'eparr, and
the bubbles of Air at each end thereof, communicated toge-

ther by the fmall Pipe above. I tryedalfoanQiher way, by
which I was more certain of the truth of theCurvity, and
could make the Curvity-of a greaterCircle : This was by a

long piece of aLooki ng-CIafs-PIate, ground very fmooth and
pohflied, which by the help of Screws I bent upon the circu*

lar edges of a brafs prifmatical Box, and cemente4 the fame
very tight,, with hard and fofc Cenient ;,,;hl^Pia',e had a hol-

low Channel ground in it the length thereof,, which fcrv'd to

keep the bubble in the middle. Bythismeaos, 'tisnotdiffi-

cu!t to bend fqch a Plate, into the Curviture ofa Circle of 50,
^60,
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60, 100, rooo foot Radius, and the BrafsBox can wfify be
made to fill or empty, as there fliall be occafion for the ufe

thereof, Co that the Bubble may be at any tin^e left, oT what
bignefs fliall be dcfired. It will be convenient alfo to varnifli

the m-fideof this Brafs Box with Lacker-Varnifh, verv thick

and clofe, both to keep it from ruft ng, 'and alfo to prefer ve it

from being corroded by Aqua-fortis, v\henfocver there lliall

be occafion to put it in, for the cleanfing -he inward tarnifii

and foulnefs of the Glafs-Plate. This urvity of the upper
fideof the Level may be made, by grinding the under fide of

fuch a long Plate of Looking Glafs, upm a Convex Glafs-Tool

of 50, 60, 100, 1000 f)Oi Radius, andpolifhing the fame ac-

cordingly ofthat Figure : The Curvitv of the faid Place isex-

prcfi'd in tbe 26th. Figure. Now what by this way may be

done with Water and Bubbles of Air, the fame may be done
with the fame GlaflTes turned upfide-down, by the help of an

cxaftly round and poliflit Cylinder or Globule ofGlafs, Chry-

ftal, Cornelian, Agate, or other exceedingly hard and clofe

Stone, after the manner reprefcnted in the 27th. Figure, for

the Ball or Cylinder will naturally roll to the-loweft part of

the Concavity, and there fland. But in the do'mg of rhis,greac

care muft be taken, that the Globule be exadlly round and po-

liflit, and that the Concavity of the Plate be as fmooth and well

polifht, and that they be both very clean and free from duft-^

otherwife the Cylinder or Globule will be apt to ftand in a

place where it fhould not, and confequently produce confide-

rable errors.

And here f cannot omit to take noticfe of a very curious Le-

vel, invented by Sr. CAr. li reff, for the taking the Horizon

every way in a Circle. Which is done by a large Concave,

ground and poliflit on a very large Sphere, and the Limb of it

ground and poliflit on a flat, for by placing the fame Horizon-

tal, .andre6ifying it by a fmall quantity ofQpick-fil ver, pour-

ed into the Concavity thtreof, 'twill bc eafie, by looking by
the flat poliflit Linib,todifcover the true Horizon. The only

inconvenience I find in it is,that the 7 hath fome kind offlick-

ing to the Glafs, but a fmall Chry flal Bowl, I fuppofc, may re-

medy that inconvenience, and make it fit for ufe.

The 5th. thing wherein this Inftrument is made to excell

I ' others,
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others, isin its cafincflcsto beadjuftcd totheObjefls, andin

this, that being once adjuftcd, ihe whole Jnftriinient is fo or-

der 'd, as that it will rtmain condant to thofe Objecfts, though

they are moved. The want of this is fo great an inconvenience,

in all other Inflruments hitherto made life of, that almoft all

Obfervations have been thereby vitiated. And Hevel/us, to

prevent and obviate this, hath found out many Contrivances,

but they are fuch, as though they do it in parr, yet *tis but in

part, and that wifhmuch croubleand inconvenience. I need

not rpend time to fliew, how many inconveniences his way by
4 feveral Hand-Screws, to be managed by 2 Obfervators at the

leaft, is fubjedt to 5 they are indeed fo many and fo great, that

it was not without very good rcafon, that he fo often appeals

to experience, for the truth is, there was great need of long

pra^ice and much experience, to be able tomakean Obferva-

tion in that way weilj the removal ofevery one of thofe Screws,

having an influence upon every one of (he other, fo as no Screw
could be turn'd, but the whole Inftrumentwas put out of its

due fituation, and both the Obje6s being continually in moti-

on,ihe wholclnftrument was tube reftifi'd every moment^There

was therefore necefljry fo great a judgement and dexterity, to

manage every one of thofe Screws, that without an acquired

habitude aad handinefs by long pradice and experience, no-

thlngcould be done to any certainty, nay, not even to that lit-

tle accuraientfi that the common Sights are able to reach. But
this, though it were a very great unhappinefs to Hevdittj^ rbac

he was not furniflied with better Contrivances, yet it noways
tends to his difpraife, for his moft extraordinary and indefa-

tigable care, pains and indurtry, is fo much the more to be ad-

mired, efteem'd and honour'd, and will be fo much ihe more,

by fuchashavc by experience found the difFicuiy, of iraking

any one Obfervarion certain in that way.
Bur that he or any other, that hath a mind to make further

Tryals and Obftiivations, may be freed from this inrollerable

trouble and difficulty, / have thought of this following I nflru-

mcnr, by means whereof the Quadrant being once adjuftcd,

and fet to theObjeds, will continue ro befo, forai ong a

time as fliill bedefired, without at all requiring the help of
any one hand of the Obfcrvator, though he be but one.
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My way then in fiiort is this : I make an Axis of very dry
and ftrong Dram-Fir, of a bignefs chick enough for its length,

to defend it from bending ; at .he lower end of this, I fix inco
the middle of it, ( well bound and hoop'd about with Iron J a
Center or Point ofSteel, very well turn'd, hardned and fliarp,

which is to move in a conical hole fit to receive it, ofas good
and well hardned S:ecl ; at the other end of this Rod,! fix ano-
ther piece of Steel into the midJle thereof, that, immediately
contiguous to the Wood, hath a Neck very well turn'd and
hardned, a little tapering from the Wood outward, which is

to be moved in a Collar fit for ir,as 1 (hail (hew by and by 5 and
at a convenient Diftance froqi the fa d Neck, as at fomewhat
more then half the Radius of the fnftrumenr, is made a Cylin-
drical Neck, fitted with a Co.larofBrafs, withajoynr, and
other Apparatus, large enough to carry the Table and Inftru-

inent firm and true, without ll ding or yielding In its Socket,
after it be once fet. This Axis by the Collar and conical hole
below, F place parallel to the Axis, whichby fometryals isea-

fily enough adjufted 5 about the Cylindrical Neck, at the up-
per end of this Axis, is a Socket of Brafs faftned with a Screw,
which Socket clafpeth in a Joynt, afliortAnn, which hath at

one end a Ball that is fitted into a Socket, that is fixed under
the Table and Frame of the Quadrant, and at the other end a
Counterpoife of Lead, to ballance the weight ofthe whole Ap-
paratus, about the Quadrant, upon the middle Line of the
Jong Axis, then the Table and Quadrant is redtifi'd, fo as to
lye in the Plain of the two celeftial Objects, whether Planets

or fixt Stars, and by the fmall Screws in the Sockets it is fixt in

that Plain. What further adjufting is requifite, is done by
the help of fmall Screws in the Qiiadranc it felf, which are eafi-

ly enough conceived without Defcripiion. The Table being
adjufted to the Plain of theObje^s, with the Quadrant on it,

and all counterpois'd pretty near by the poifes underneath
the Table, and the fixed Sight direded to one of thefaid Ob-
jefts, the faid Table and Inftrument continues to be in that

Plain, fo long as is defired, without any farther trouble to the

Obferver, though the Objefts continually change their places,

and the fixt Sight remains direftedatone of the^bjedls, till

the other can be found by the moveable Sight. To cffeft which
I 2 motion
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Inotion ofthe Tabic and Inftrun^cot, a Watch-work is fitted to

the Axis, fo as to make it move round in the fame time, with a

diurnal revolution of the Earth, and confcquently to keep even

pace with the Teeming motion of the fixt Stars 5 the manner of

doing which is thus : About fome part of the Axis, where 'tis

moit convenient for the Room in which 'tis to be ufcd, fix an

0<ftant ofa Wheel of 3 foot Radius,!et theRimofthisbeturn d
true [0 the Centers of the Axis, and cut the edge thereof into

360 Teeth, there being fo many half minutes of an hour in the

8th. part cf a whole Revolution, though thefe minutes and

hours which refpeft the fixt Stars^ will be confiderably fiiort-

er then the folar hours *, then fit a Worm or Screw to thefe

Teeth, that one revolution of the Worm being made in 1, a mi-

nute may move one Tooth forward ; the revolution of the

Worm is adjiifted by a circular Pendulum, which is carried

Tound by a Flie, moved in the form of a one wheel'd Jack,

from a fwafh toothed Wheel, faOned upon the fliankof the

Worm or Screw abovc-mention'd j the weight that carries

lound this Wheel muft hang upon th« fliank of the Worm, and

uiuft be of about a 3d. or 4 ih. part of the weight of the Qua-
drant and Table, that it may carry it round fteadily and ftrong-

Jy; and t he circularPendul urn mu ft be fo ordered, thattheOb-

ftrrvator may at any time of his Obfervaiion either (horten or
produce the length thereof, fo as to make it movequickcr or
flower, as there fliall be occafion, which is dene, by Aiding

the hole upon which the Fcndulum makes its conical nice ion, a

little higher or lower, without lifting up or letting down ti e

Pendulum, orelfc by winding up the Thread of the Pendulum a

little fliorter, or letting it down a little longer, bythehelpof
a Cv linder, above the hole or apex of the Cone, in which the

Pendulum is moved.

This whole Contrivance will be fomewhat better under-

ftood by a Delineation. Let a b then in the r 5th. Figure re-

prefent the Axisof Firor Iron, e the conical Point at the bo>
torn, d the conical center or hole in which it is to move, e the

CoFarabove, in which the tapering Neck of the iron Far f is

to be moved. The Axisof this is to be p'aced as exa6Iy as

may be, p^!lel to the Axis of the Earih : at the end or head
of the IronTgj is fitted a Socket I) h, vrith a Screw 4, whiqh

will



will fix it to the head in any porturc. This Socket hh in the

i5and 1 6 Figures, hatha large Joynt to be Itiffned by a Screw

5, in which Joync is inoved a ftrong Bar of Iron, about 4 foot

in length, to wit, 2 foot on each fide ofthe Joynt, the one end

6 haih a large wcigiit or counrcrpoireof Lead 8, whichftrvcth

to counter- bal lance chc whole weight of the Frame and Inftru-

nienc upon the other, andean befciew'd either nearer to or

farther from the Joynt, as there fliall be occafion for poifing

;

at the other end of the Iron is a large Ball of Iron 7, to which

isfitced alfoawocket of Brafs 9, with a Screw to fix it and

move ir, as there ftiall he occafion. This Socket is faitned un-

der the middle of a Table ss, upon the plain fide of which

the Quadrant is to lye. Upon fome convenient part of this

Axis is fixed anOdant or Sextant of a Circle, reprefented in

the r$th. Figure edge-way5, and inther7th. Figurebroad-

H|ys, by 3 3 i i, w hofe circular edge 3 3 is cut into Teeth, as

before is d ire6ed ; unto thefe is adjufted a Worm or Screw k,

which is the Axis or Arbor of the Whed ill; this Wheel is

moved round by the weight x, whofe Line is coiled round the

Barrel uu, and with it it curneth round the Flie nn, by the

help of a Screw m, fixed upon the Arbor 60, in the manner

of the Flie ofa one wheel'd Jack ^ this Flic moveth circularly

the Fenduluni pp, in the i^rh. and 29th. Figure?, \>hich is

fhortned or lergchned, by flipping up and down the Cylin-

der qq, (he Thread of the pendulum being faftned at r.

I fliall nor now fpend any more time in the Explication of

the making or contriving the circular Pendulum, refervinii; it

for another opportunity and Difcourfe, wherein I fhjll Akw
feveral u ft ful Contrivances and Inventions about the fan e, and

particularly about this and (bnie other Experimenrs of nofion,

which was the caufeof the Invention thereof by me longtmce,

in the year 65. Upon which occafion, I cannot but take no-

tice of a Publication, made by ChriJlUnu^ Hu^entw Zuliche-

mim Conft. F. in his Book caird, Horologium OfcitlatoHum five

demotu Fendukrum ad Herolcgia aptato dtmorfjlr^ttones Gccme

trica ; containing a fliort Defcri prion ofa cifcuJar Penduium-

with fomcwhat about the Explication of ir, without nairing>

me at all, as concem'd therein, though I invented it, and

brought it into ufein the year 166$, and in the^ear 1666, I

jco;n-
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comnHinicated it to the Royal Society, at their pQblick Meet-

ings bo^^^ 3s to the Theory and Pradiick thereof, and did more
]^articu!arly explain the ifocrone motion of the Ball of a Pen-

dulum, in a parabolical Sjperficies, and the Geometrical and
Mechanical way of makmg the famcr move in fuch a Superficies,

by the help of a Paraboloeid, which J caufed alfo to be made
and flicw*d before the fame Society, upon feveral days of their

•publick Meeting, where befides many of the- Society, were
divers ftrangers of forreign parts. This many of the Royal So-

ciety can bear me witnefs, and the publick Regifters thereof

do left i fie and make appear, and 1 was told by Sr. Robert Mo-
' TAj^ that he did then write to MonfieurZ«//V^ri» concerning'

the fame. But of this more hereafter, when j examine fome
o'her things in that Book, about finding the defcent of heavy

Bodies, and of finding the Longitude of places, andpubiifli

fome more certain and prafticable ways ofdoing them.

This puts me in mind of publifiiing an Invention, which I

made and produced before the Royal Society, in the fame

year 1666, much about the fame time that I produced the

Theory and Experiment of the circular Pendulum compleat,-

whichi call'd the perfefiion of Wheel-work, as being indeed

founded on a principle capable of thegreateft perfection can

be imagined. It is in (hort, Firft, To make a piece of Wheel-
work fo, than both the Wheel and Pinnion, though of never lb

fmall afize, fhall have as great a number of Teethes ftall be
dcfired, and yet neither weaken the Work, nor make the Teeth

fofma!l, as not to be pra6icab!e by any ordinary Workman.
Next, Thaf the motion fiiall be fo equally communicated from

the Wheel to the Pinnion, that the Work being well made,

there can be no inequality of force or motion communicated.

Thirdly, That the Point oftouching and bearing, fliall beal-

ways in (he Line that joyns the 2 Centers together. Fourthly,

That it fha 1 have no manner of rubbing, uorbemorediflRcult

to be made then the common way of Wheel-work, favc only

that Workmen have not been accuOomed to make ir. ^

FirO then. If there be a certain number, and no more of
Teeth required to be made in a fmall Wheel, then muft the

Wheel and Pinnion confirt of feveral Plates or Wheels, lying

ore befides the other, in the manner they appear in the 20th.

Figure.
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Figure. Where fiippofe it be required, that the Wheel Hiall

have i 00 o Teeth, and the Pinnion loo, and yet that i he Teeth

both of the Wheel and Pinnion have fiifficient flrtngth i take

lo Plates all of equal bignefsand rhicknefs, and by 2 or more
Screws fix them firmly together, as if one Wheel, cut this

Wheel into 100 Teeth, and con^pleat it, then fit the middle

hole upon the round neckofan Arbor, thenunfcrcw thePlatts,

and place them in fuch order, that the Teeth may gradually

follow each other, much after the manner as is exprelt in the

20 th. Figure, (. though it be there very ill expref>, by reafbn

of the miftake and failure of the Graver ) and with fuch Heps,

that the laft Tooth of one Degree, may within one ftep anfwer

•to the firft Tooth of the next Degree. I call ihe 10 Teeth

comprehended within the lighter part, abed, or efgh, or.

i k 1 m, a Degree of Teeth in fleps, and d c f e, or h g k i,

are Degrees of Notches between the Teeth, and the Tooth be,

t\ hich is the laR towards the tight hand, fhould have been pla-

ced within one fiep as low as e h, the firft of the r.ext Degree

on the left fide, ( though it be much otherwife here graven )

whence all the inequality in the touching, bearing or rubbing,

in a Wheel-work thus well made^ would be no move then what

could be between the 2 next Teeth in one of the Degrees,which

would be much iefs then a loth. part, ofwhat nuift neceflTarily

happen in a Wheel of ( ue Plate of 100 Teeth only.

Secondly, If it bcdtfired.that the Wheel and Pi inion fhould

have ihfiniteTeeth^ all the ends of the Teeth in the Deg^-ees of
the 20th. Figure, muft by a Diagonal flppe be filed off, and re-

duced to a ftraighr, as in the 21, which mav indeed I c btd
made by one Plate of a convenient thickncfs, which thickntf;

muft be more or lefs according to the bignefs of the floped

Tooth. And this is to be always obferved in the cutting there-

of, ( though it be otherwife and very falfly txpreft in the 2

1

Figure) that the end ofone flope Tooth on the one fide, be full

as forward as the beginning of the next Tooth on iheother,^

that is, that the end b c of one Tooth on the right fide, be ful |

as low as e h, the beginning of the next Tooth on the leftfide^

( though by the Gravers mi ftake it be here quite otherwife

expreff.) I fljall not fpend more time in explicating the Pinni-

ons, rstu, rstu, ofthc2oand2i Figures, which are to aa<*;

fwer
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fwer the Teeth of the Wheels, they being plain enough to any
pcrfona little verfed in Mechanicks, and becaufe the further

and more full Explication of the form and reafon of this and
other Wheel-work, is comprifed ia another Difcourfe, which
1 may afterwards publifti.

But to proceed where I left at this Digreflioo, to the finiA-

ingof the Defcription of thelnftrument for moving the Qua-
diant, fo as alway to rtfpe^ theObjed. The conical hole,

in which the end of the Axis is to move, may be made after the

forn^exprefled in the i8th. Figure, where aa a a reprefenrs

an iron Frame fcrew'd faft to the Floor,b b b b the iron piece,

con'alning the conical ftee! hole, cccc 4 long Screws, by
which the piece is moved and fixed in any part of the fpace, in-

cluded wuhin the Frame aaaa 5 this by a ftrong fpnnging

Frame underneath, is kept down clofe to the Superficies of the

Floor, and cannot in any wife totter or fliake. There is no
great difficulty in the Contrivance, and therefore I fliall pro-

ceed.

In the next place then, having fhew'd the way how to keep
the Inftrumenr, in the Plain of two Objcds that are to be ob-
ferv'd, I fhall (hew, by what means a Qfiadrant maybe kept

always Perpendicular, and in the Azimuth of the celeftial Ob-
And this I do, by a fmall addition to the former Con-

trivance ; that is, Let a b in the 2.2 Fignre, reprefcnt the

Axis defcribed in the former Contrivance, accomntodated

with all the Contrivances of the moveable Center below, of

theC ock-work of the circular Pendulum, to keep it moving
equally round in the middle, and of c he Collar e above. But

unto the finall Neck f muft be j >yn*d a femi-circular piece of
Iron c d, with a Center-hole in each arm at c and to re-

ceive the Pevots i i, of the circular piece of Iron x, in the

22 and 23 Figures 5 upon the fecond Floor o 0, muft be fted-

faf>Iy fixed a Bow or Frame of Fron h h, which muft have a

hole through ir, exa^'yover the midd 'e of the Plate y, this is

to bea Collar for the Neck k, of a perpendicular Axis Ik,

whichby means of a moveable Center fixed in thecieling, in

which the Point 1 moves, may beexa^fy adjured to a Per-

pend icula'^ity j to this Axis at right Angles is fixed a Frame

m m, fteadied by the Braketsor Braces n n i upon this Frame
the
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the fi^ed Sights of the Qiiidrant, are laid and adj i/led to 'an

exaft HirLzoatality, and the Plainofthe Quadrant being once
adjudedcoths Plain of the celeflial Objeft, will by the circu-
lar Pendulum maWng the Axis a b, in an equal motion with
that of the Objeift about the Axis of the Earth, be always
kept in th^; Plain ofthe Objeft, whofe Azimuth and Altitude is

to be obferved. Now the motion of the under or inclining

Axis a b, is communicated to the perpendicular Axis 1 k,

by means of the circular Plate x, in the 22 aid 23 Figures,

for the femi-circular Arms cd of the lower Axis, taking hold
of the Points f i of the Plate x, and the femi-circular Anns of
the upper Axis, taking hold of the Points 2 / of the faid Plate,

the perpendicular Axis is moved in a propordonate motioa
with the inclining Axis a b, which Proportion is Geometri-
cally and ft rift ly fuch as it ought to be, to keep the Plain of
the Qiiadrant exaftly in the Azim Jth of the celcftial Objeft, as

anyone never fo little verfed in Geometry, will eafily find*

and I (hall hereafter more at large demonllrate, when I come to

(hew,, what ufe I have made of this Joyn% for a univerfal fn-

ftrumentfor Dialling, for equalling of Tim'*, for making the

Hand of a Clock move in the Shadow of a Sryle, and for per-

forming a multitude of other Mechanical Operations.

The next thing [ have to ex plain, isthewayof finding how
many Revolutions of thevScrcw, and what parts ofa Revoluti-

on goto make a right Angle, or 90 Degrees upon the Quadrant.
For the doing of which, I mud, ina place where lean havea

good Profpefi for a fcmi-Circle, firft dire6 both the Sights of
.the Telercopesdire<tly at the fame ObjeA, and the fame Point

• thereof, and then redlifie the Indices to o, or the beginning of
the Divifions 5 then I turn the Screw, till as near as 1 can mca-

fure wirhCompaflTes, the moveable Telcfcope ha ch moved a

Quadranr, and through the three Telefcopes take notice of
.three Points in rhe Horizon, thitistofay, two Points exadly
-oppofite one to another, in refped of the Center of the Qua-
Idran--, and athiid p ettynear the middle bet v\een them, in

. the fame refp-<Jl, which I further adjuft thus ; I (hew'd before

how I reftifi'd the fixed Sights, fj as to look exailly forwards
.an J backwards, wljich being accordingly done, I obfcrve the

Tuppofed rightAog»(?*vYi-h the nvoveable Sight ontheCj»uadrant,
*

* K '
' and
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an4 with tbe S^fit fixt on the Quadrant looking forwafds, and

note diligently chetWoObjetl - pointed at^then withoui vragj

the Scre^Y,or moveable Arm \\i^c$r, the Qiiadtanc,! find ih fi-,

jefts through themovtaSkSighrjan^ tbetiitbighr^iookingback-

wards, and dire^tm^oiic oi the Sights txad^ly to one Point,! ob-

rerve,hownuieh the other doth vary from the othcr0bje6,eithcr

by being wiihin it or without ir 5 thenl half that Difierence,as

near as J can judge by my Sight,and move the movtableSight by

the he'pof the Screw, fo as corefpcdt the middle Point : Then

] obferwthis fecond found Angle, by the fixe Sight looking

forwards, and by the moveable Sight, and fee whether there be

any PifTcrence, andif 1 findany, asneara$fX)irjble, ladjullit

again, to half this laft Difference, and fo continue to examine

and adjuft, till I am certain, that the Angles on each fide of the

moveable Tube, between the fame and the Sights, looking for-

wards and backwards, are equal to each other, and confe-

quently are both right Angles , or Quadrants of a Circle.

Which when I have found, i obfcrve, by the Indices on the

hcrew-Plate and Limb, how many Revolutions, and wliat part

of a Revolution, the Screw hath been turned ro open that An-
gle ; this Number 1 fct, as the Number anfwcring to 90 De-

grees, and dividing that Number into 90 equal parts, lhave

the Numbers that belong to every Degree, and dividing the

common Difi'erence between them into 60 pans, I find the

Numbers anfwering to the Minutes of the Quadrant, and di-

viding the common Difference between the Minutes into 00
parts, I eafily make the Nuojbers anfvvering to the Seeondsj
but ihefe will be needlefs, for fubdu^ing the next Number,
lefs then it in the Tabic from the Number obfcrved, you
have the Degree and Minute, and fome Number perhaps over,,

which may prefently be found by one fmaJl Table of the coni-

HTon DifTerences of Seconds. See page 5 5.

Here methinks I hear fome ob;e6 polTibly, That the Divi(i-

ons on the Quadrant, donotcxadly correfpond to the Divi-

fions roadeon the Plate. I anfwer. That in part they do, and'
jin part they do not. Firft, They concur, in that all the Di-
vifions madeby whole Revolutions, fhew exadly tbe fame by
the Indices, that they do upon the Quadrant. Secondly, I

llty, inpmcheydoQ0t> Uucis, cheparts ofany fingle Revo-
lution,



lution, arc not eiaSIy and Mathematlcariy the fame pointccf

out by the Index, Upon a Ring equaily divided, thatarcinade

upon the Limb of the Quadrant. But yet, I fay, they are

fenfibly equal even to thefenfe, afllfled by a 60 foot Telef-

cope, and confequent ly need nomaoner of redificaiion i but

yer if any one will be fo curious and nice, he may make the

Divifions on the Index-Ring, according to the propwrc ion of
tlie Differences of the Tangent?, that are fubtendcd within

half the compafs of the diftance of the two nexn Threads. As-

fuppofe in the above-mention 'd inflance, half the Diftanceof

two Threads be the Tangent of three Minutes, or rhercabout

;

if we examine any large Table of Natural Tangents, weftia.l

find the DifTcrences between the Minutes themfclvcs, even rill

fix Minutes, ( which is much more then double three ) doth

not differ above one or two parts of a thoufand thoufand,

which is 1000 trmes more nice, then our Sight, even with

GlafTes, can arrive to, much lefs then will be the diffcrenca

between the Differences of the Seconds ; and therefore it will

be a nicenefs meerly notional, and of no ufe, and as fuch,

ought to be omitted, and the plain and equal Divifions made
ufe of, chey being as to all fenfe true and perfeft, and proper

Divifions, though as to curiofity of Theory and Calculation,

unequal.

Now I have done, poflibly feme may fay. To what par-

pofeail thiscurioficy ? To which I anfwer, That though pof-

fibly in many common cafes 'tis of but little value, ycc I con-

ceive in gengral, that it is of infinite value, toany that fiiall de-

fign to improve Geography, Aftronomy, Navigjoion, Philofo-

phy, Phyficks, &c. And to inftawce in fome particulars, I

conceive,

Firft, That one ufe of this In/lrument, may be for taking

the exad Refradion of the Air, from the Horizon to the Ze-

nith ; by which we (hall be able not only tore<5ti(ie all Ob-

fervations, and clear them from Refradiions, which in fome

Obfervations, efpecially thofeof Paral'ax, is abfolutcly ne-

cefThry, but it may give us anew means to judge of the quali»

ties and conftitutions of the Air, as :o tlie feafons of the year,

and the temperature of the weather, w hich are to fucceed..

Vor 'cis moft certain, that there is as great a variety in the re-

K 2 'i-^ fra^ive-



(70
fra^ivencfs of the AU, as there is in tl:cheat and co'd, gravity

and leviiy, dryntfs and nioiftuic, rarefa6ion ard conc'enfati-

on thereof, and fonietiines when rcr.e of thoft do feeni at all to

be fenfibly altered, its refra^ivenefs hath teen very n^uch va-

ried, which change does fcem to proceed from fonie alterati-

ons in the upper Regions thereof, far removed from the Super-

ficies of the Eaith, and is fometinies many days in defcendmg

and fermenting, as it were deeper and deeper, into the lower

Regions of the Air, before it defcend fo low as the bottom

thereof next the Earth, But of this much more in another

place.

A fecond life is for regulating the places of the fixe Stars, as

to their Longitudes and Latitudes, and DiHances from one ano-

ther, efpecialy thofe within the Zodiack, by which we fhall

in a (hort time be able to judge, whether ihofe Bodies that we
account fo fixt and conftant, do not vary their Pofir ions one

to another, which 1 have very good grounds to believe they

do.

A third ufe of this Inflrument, is for regulating the places

of the Planets, by their Appulfes to thofe fixt Stars, fo that

rot only Aftronomy will be perfefled, but the Longitude of
places upon theEarih, (a thing fo highly advantageous for

Trade and Navigation J will of confequence follow, which
without fuch ao Jnflrmr.ent as this, is in vain expe6ed from

the Heavens.

A fourth ufe of this may be for dating the exadl Latiiude of
places to a Second, whereby we fhall quickly know, whe-
ther thofe Latitudes do vary, as well as the variation of the

Loadflone, which haih been conjediur'd, not withput fome-
w'hat of probability, but is hardly tobe derermined, ^^ithouc

fome fuch accurate way of Tryal, as this Inftrument is capable
of performing,

A fifth ufe of it may be, for examining what influence the

approach or recefsof theother Planets have upon the Earth,

as to its Periodical motion, and what influence the Earth hath
upon them as to theirs; for I have good ground to believe,

each of thefe to have influence upon one another, and to caufe
fuch motions, as have hitherto much confounded allAflrono-
mical Hypothefesand Calculations ; Of v\hichlflia 1 fay more
on another occafion. A.
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r A fixtb life may be for mcafiiring the quantity of a T>gree

upon the Earth ; ihcbcfbExftriuicntof chat kind» ihat is>ct -

publick to tlie World, isthac of^Mr. Norwocd^ made bet wccrt-f

London and Tork : But ifw exau3mc with what Inftruments he
^

njafic it, we (hall find, that he: was not certain in either of his

Latitudes to a Minute, and confcquenrly could not becertaini

of the quanthy of the Eardi, anfwcring to his fuppofcd ujark/

to two miles, and confcqiitrntiy it could not be made the com*;

iDOn Qandard of all meafurc. But by the means of this Qi)t^»

drant, all Latitudes may be certainly taken to a Second, andl

conftquently the error in i$o miles, cannot be more then l'

e

30th. part ofa mile, and confeqwcnily -a foot, or yard, or rod^
this way flated, cannot vary above a 6000, part of its length,)

>yhich is fufllcicntly accurate for; a univj^rfal aod .commoO/
ftandard of all meafure and quantity, to which all other mta-s

fures In the World fliould be refcrr'd and proportioned.

This was the occafion of the contriving and making thereof \,

His Sacred Majefty haying commanded me to fee that Expcr'r^^

mcnt accurately peffomoed, and to give HiiB a true AccounB
thereof, which had been before this perfoniied, had not my
indifpofirion of health prevented.

A fevcnth ufe may be for meafuring the Diflance between
two places, exadly in a fbraight Line. Thi& it, will pei fovm

to admiration, by theexaflnefs of taking t>w Angles^jf.ftjuhp

leDg h be exaftly meafured at the place that is m b^j i\K Ob>
je£r, infomuch that 'tis hardly pofllbie,'. by aoy other imans.i^

the World, to come to that exad^nefs, nay, though there were
a continued Plain extended .bct>yeea the two places, whofc
Diflanccsaretobe found,4and xhevfamawerc carefully meafu-

red with Chains, Rods, or Wheels. By this means the Di-

ftance of a Ship cn the Sea, can be found o^ore exa61^, then

any other way vvhatfoever, by one or two Stations, and a

multitude of Philofophical Tryals under this Head, which are

not pra^ticatjly to be done with any tolerable accuratenefs,

oy other ways. • -
^

An eight ufe may be for taking the exaft biain^rers ofrbe :ijun,

iMooa, and Planets, even to a Second, and tte Diftanccof 'tfic

fnialler appearing Planets from the fixt Stars, hear adjoy ning.

Now becaufc for this Dcfign, it may perhaps feem a little too

cuiiv
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cumbcrfom, and by reafon of its £bort Tubes, fomewhat to»

fihall, I have therefore contrived an Inftrument of 6 times the

length or radius, which will take in an Angle of about s De-

grees, avid yet take in the whole Angle by one glance of the

eye, and determine the meafure thereof to lefs then a Second.

1 have likewife invented and made a new Hcliofcope, by

which the Body of the Sun may be looked on as inof&nlively to

the eye, as a flieet of white Papery of great ufefor fuch, as

will make Phyfical Obfervations of that gbrious Body. Thefe

I will in feme enfuir^ Papers defcribe.

A ninth may be for exaf^ly taking the Level, for the con-

veyance of a River or Water from place to place ; and under

Chat Head ofpcrfonning infinite ofPhilofophicalExperiments^

which can hardly be try'd by any other way in theWorl<

about the Refraftivenefs of the Air near the Earth, whereby

diftant places fometimes appear, and fometimes difappear,

under the Horizon. By this means alfo the Rotundity of the

Eanh may be trucly found, vaftly furpafTmg any thing per-

formed by the beft Levels yet known* To this we may add,

the height of Hi!s, if their diftance be known, or their di-

ftance, iftheir height be known.

I could have enlarged upon thefe, and have named divers

others; but dcfigning it only as anAnfwer lo fuch, as may

capiiouflyput fuch a Queftion, Ifliall rather leave the plea-

fure of finding thcm,tofuch as fhall really feck thcsn, to be a(^

fitted thereby in their own undertakings.

, ...
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DESCRrpoXIOM
O F

HELIOS
And foipe x^cbttr

PE S.
I

ft

H E ncccflary avocations of bufinefs, and the
urgent importunity of foiDe, for thefpcedy
publication of my Anii^adverfions, macjp,

nic c<;)nclu4c ibcm in the Eleventh (hecc,.

withqutilayingtp Explicate fevcral i/iinfii,

which I deOgncd to go along with tbcii).

But having now retrieved a little ipore of
Icafidre, bqtb for Deli^eMjo^ ^^d DefiKiftkn , ior^a fujrth(;f,

. Firtti y/.I^liqftopc/^^ Stiif, wkhm

B Secondly,21



Sixthly,

i2 )

Secondly, A wajfpf{bortmng reJleSfive snd ufrsifrveTde'

fcopes.

Thirdly , A xp^yfor ufi^g n GUfs of Any Ungth
, n>ithont mo-

ifing (be Tuifc.

Fourthly , Aff hfirument ftr taking the DUmfters of the

Sun, Moon djtd l?Ianccs , or for takirg any other Difianees, te

five or ten Degree%^ tO' the tertainiy ofsSecpjid. Two of the fe

I promifcd in the -j^th-. o^ pag^ <ny AnimaehcrJioMS,

andihe oihepfairinas awlogou: lotljoD.

Fifthly, hfirt$mentfor deferibing all manner of Dials,

the tangent frojeGtion,

r- 1 . l^or adjufling the Hand of a ciock^ foMto make it

\ move fn theJbadtiv of a Dial,v^#/eflyle u parallel to

the Axis : Or,

2. In the AzJmuthof any Celepal Body, chat is, in the

fbddow of an upright^ or any other vfay inclining

7he.ujes<'^. For making a IJand move according to the true it-

^ereof'y^ (Ration of l[imi.

[4. For miking all manner of Elliptical Dials, /•

I Mr, Foftcnrw^, e^rl

5. For communicating a circular motion in a £urve

Linf, without anyfhaki»g\. An^^for divers Qthcr.

. «xiftllcW-i^rpofts." '
•

And (irit , Wri JJFZ TUTCCrFE '^uTj 'fUilL fTiake

off the brightnefs of the Sun ^ as that the jfpeakejl eye may look

ttponityatdnytin^e.^'mtho/n the lekfi 'offence^ '^y cnnrrVvance*

vccy

"^^^

rtiiey bectlTi^^is \^tik •ahd/fath'V^s ihot^ 'of thg ^u^^y.* m ti/-

twilight, foi'harb^nfcmay with^afc, and very much pleafure,

iflevrV'«fahifi^e and dcfcrjbe the phafe of the Sun , and the

nigeur^zn6 fdcuUi^eof,if apy /^ich ^Happen to ap^Ar
tteobfcrvationis niade, and it g^ve'i 'd godd/b^poVhilfrtjrof

idifcovering them, bcfqre we have ^ny ad^h^feijieil? tWrt'dr

f}6\rtQthcfs. TheVfeirorrorw^ttbh mil 6c fufijcicm

CO fuch asconfider, how great a xjiAntiry of tfteV^y^ brLigTtf*

( i iiu^jii '
"

is

7
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is loft by every reflcftion , and that every rcfle^^ion doth
duplicate, triplicate, quadruplicate, qnintuplicate , &c.
the firft proportion of lofs. For Inftance :

Suppofe I have a Hcltofcofe made of an Objed Giafs
,

an Eye Glafs, and four RefleOing Glaffes, and that, by the firft

reflexion, I lofe -\ of the Diredt light , 1 affirm there will re-

main but .-^ part of the Dirc6 rays of the Sun, which cin fall

upon the eye at the Ia(t , for if every reflexion doth Joie

I
cf its Rays, and reflefl but ^, and that quarter loferh

;J,
and

reflets only ^ of its received Light, there will remain but

i part of the whole, and if this fixteenth part iofeth three

quarters of its Rays, and reflets only a fourih, ir will follow,

the remainder will only be ^ part of the whole , and if that be
once morerefledled, the Ray will return but with part of its

firft light.

This, although it be obvious , and cafie ehough nowitis
known,yet I do not find that any Perfon har h yet had thoughts

of applying it to this ufe. The generality of Obfervers have

hitherto made ufe of, either fome very opacous and thick

GlafTcs next the Eye, whether of red , green, blew, or purple

Glafs; others have diminifhed the Radiation
, by covering

the Glaffes with a very thick and clofe coat of the foot of a

Lamp; others, by cafting the figure upon a piece of white

Paper, whence 'tis refle6ed to the eye ; Oihers havecontra-

6ed the Aperture into a lefs circle, and thereby let in lefs

Light, and fo make ufe of one fingle Ray inftead of a pencil

of Rayes ; Others have expanded the figure of the Sun , by
the help of Eye Glaflfes, into a circle of ten, twenty, or an

hundred times its Diameter. But none of all thefe waics

do come near this which I now defcribe by the help of three,

four,or more Refle6ions,as any one upon trial will very plain-

ly difcover.

F/r/?5 As to the coloured Glaffes, I cannot at all approve

of them , becaufe they tinge the Raves into the fame colour,

and confequently take off the truth of the appearance , ns to*

Co'our; befides, it fuperinduces a hazinefs and dimnefs

upon the Figure, fo that it doth not appear fliarp and di-

fti T'he fame inconvenience is alio produced by Monfieur
•

, of covering the Glafs with the foot of a

B 2 Lamp,
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Laippjihough not to Co great a degree. The Figure on paper,

or a fmooth white furface isoot magnified enough, nor the

difference oFfliadowsfo very di ft in^t, though that doth very

well, if the furface be very fmooth, and the Obje^l be magni-

fied by a Hand Glafs. That by the contraAed Aperture is the

worft of all, by reafon of a certain propriety of Light not

taken notice of yet by Opcick Writers , the edges of Ob-
jefls (ecming ragged, of which I have hinted fomewhat in my
jimmddvfrficnSy pag.^St ^nd {h3i\\{hoxt\y fay much more, the

whole ground of Ofticks depending thereon.

The way of expanding the figure of the Sun by the Eye
Glafs, to me feems the bcft of all the reft , but that is apt to

vitiate the Figure, to fu per- induce fomewhat of Colour, and

doch not give the fmalleft diftin^ionsof lights and lhadows,

without fomewhat of colour, and fomewhat of hazinefs and

dimnefs.

The Glaffcs of this HELIOSCOPE may be made ei-

ther by refra^ing or rrflf^i/fg spherical Glaffes. The beft way
for raking in a large Angle, is, the ufing refra^ing Glaffes,

both for the 0b;c6 and Eye GlalTes; but the beft way for

taking in a final I parr, and for avoiding hazinefs , dinmcfs, and

colours, is, by Reflexion, either in part, or in whole ; that

!s, cither to make the Objeft Glafs only by way of Refie-

iiioriy and the Eye Glafs by that of EefrsCiion^ or, both the

Objedk-glafs and Eye Glafs alfo by reflexion, and to have no
refra6ion at all. The (everal waies of doing which I have

reprefented in the adjoyning Tab'e, wherein 1 have exprefTed

tcnfcveral waies of placing the fcvtral Glaffes, fo as to be fit

for the ufe defigned.

The firft way reprefented in the firft Figure, is, a fixty foot

ObjeG-Glafs,contra6ed into a twelve foot Tube, by ttihelp

of four feveral Reflefling-plaies placed between the Objed-

Glafs and Eye-Glafs. The Experiment of doing which, I

produced and ftiewed before the Eo^mI Sotiety ^ at divers of

their publick Meetings jirundel hufe y in the year 1668,

and it remains upon their Regifter.

This (as I then fliewed) would be of exceeding great ufe

in all manner of PerffeBivts and telefcopes , if we could find

ajgood material that would make the Reflexions very ftrong

and
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and full. And that would not be fubjeft to lof^ its Figure,
which ail our fpccular Mcttals arc very apt to do

5
for, by ir,

'twould be poffible to con t raft ihe Tubes for long GlafTes

into very fljorc lengths , and fo make them of caficufe and ma-
nage.

This I attempted with fcveral forts of Mcttal , made with
J, S^AmtimcnyzxidJirfenick^ but moft of thcfe compound

Mcttals I found to be very fpongy , and confequently in the

laftpolifli to receive, though a very glaring polifb, yet fuch

as did much confound the Ob;cft by a kind of hazinefs
,
efpc-

ciallyif jPw/;beuredtoglareif, and, for this purpofe, Pii^///

muft not in any wife , that I yet know of, be ufed , it being

fo very apt to round off the edges of pores or fcratches, which
does much contribute to the hazinefs and confufionof theOb-
;ea.

If I roadeufeof GlafTes foiPd vi'nh ^uickfher , which I

found to give much the beft r<'j^<J?/o/i, yet I found ihis incon-

venience, that a confiderable part of the Ray was loft, by the

double reflexion at the unfoil'd fuperficies of the Glafs. The
€rft from thcfurfaceof the Glafs before it entred,- thif, as it

weakncd the Ray, fo mingling with the other reflexion that

came from the bottom , it created fome kind of hazinefs and

confufion, if the two fuperficies of the Glafs were parallel,

but if they u-ere not parallel, it fuperindticed fomew hat of

Colour, unlefs it were helped by a contrary refradiion in a

fccond Refleting- glafs, after rhe manner of that which is de-

lineated in the filth Figure, where let 4 ^ reprefem the Obje6-

Glafs, eg thefirft ReHed^ing-plare, whofc thinncft fide is tor,

and d% the fecond Refled^ing-plate, \\hofe thinneft part

is towards^, which doth thereby take off the fir4l Refra^ion

oiegy anddeftroy the Colours fuperinduced by the firft.

. The Ray alfo was weakned much more from the fecond

rcflcAion it fuffercd at the unfoil'd fuperficies of the Glafs,

from the refle^ftiou of the Air,or iff^^r,which is much Wronger

than that of Glafs, at its rc-encring into the Air. Befides this,

I find that the fubflanceof moft Glafs is fo imperfedlly mixr,

that there is in the very beft much of veinynefs and inequa-

lity of Rcfraftion in the parts thereof, and thence, though

there



( 6 )
'

there were no vifible vein appearing in the body of the Glafs,

and though both the furfaces thereof were very truly figured

and poliflied, yet there was fome kind of dimnefs fuperindu-

c<rd upon the ObjcAs, by the rays pafling through thofe

GlafTcs. But this was not in all , foe I found fome that did

very well anfwer niy expedtation, and I am very apt to be-

lieve, that if a pot of Glafs were wade on purpofe, byaway
I know, the body thereof might be made pcrfediJy clear,

uniform, and tranfpartnt , without blebs, veins, or fanch,

which, when I have leafure and opportunity Ldefignio ex-

perience farther But this only by ihc by , in relation to the

lliortning the Tubes of Telefcopcs for the M^cft , Flanets, and

other Objt'6s, becaufe i: is not at all to our prefent purpofe of

making a Heliofcofe, here we make ufe only of the reflexion

of theftrft fupcrficiesof the Glafs, and where our main aim

and defign , is, the lofs of the ftrcngth and brightnefs of the

Rays, and not for prcfcrving the /Ircngth and brisknefsof

the Rays, or augmenting them. And therefore for this ufe,

the bell material I have yet met with , is, black Glafs, black

Marble, and Glafs of Antimony, For thefc fubftances being

very dark and opaque, do reflet but a very fmall pare of

the Raies that fall upon it, and none of thofe that penetrate

into it,efpeciaily if they be thick; and being ofa very hard and

permanent fubftaoce , arc capable of receiving a very curious

and exaft polifl],and qualified fufficiently to retain and keep
it, withou: receiving injury from the Air, or ordinary wiping.

But in the making of thefe Glaflrs for Long teUJcofej , very

great careand diligence muft be ufed to make them of a true

fiat, and fo much the more, by how much the nearer they arc

placed to the Ob;eft-Glafs,and the further from the Eye-Glafsi

a littleerrouratagrear diftancefrom the eye being va (11y mag-
nified to the eye at that diftaoce , whereas a greater becomes
infcnfible, if it be near the eye. Let 4 ^, in the firft, reprefcnr a

fixty f»ot Glafi, u hofe focus is at^^ let a 'c d e f and
//

/ /• (?, reprefcnc the two fide Raye«: of the pencil of lighr,

rhi« Pi^ncil, by the four Refleding furfaces (y h, /ft, t /, {*)
IS broken into five fliorter lengths ( m <r anfvvcring locd^ y 9 to

gb, J"* to df, 9 ' to hi, I J to e /, and ik to i k, and

- laftly.
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laftly,? • and tof ^zudko) as will be fufficicnciy plain-

to any one that will but confidcr the Scheme.

By this way four fifchi. of the length of (he Tube is taken

away, which is the uioft that can be taiicn away by four Re-
flexions, every reflexion running the whoJc length of the

Tube, a lelTcr part of the lengch may be taken away in any

proportion alTigncd, as in the fecond contrivance, defcribed

in the fecond Figure, two thirds arc taken off, when the fame

Lecicaapfwer totheOLjcd-Glafs, Eye-Giafs, ihe flexures of
the fide Rays of the Pencil, and the Reflefting-plates ihac make
thofc flexures. The third and fourteenth Figures reprefent the

Tube Ihortned by two or three reflexions , and fo ferves

tofliorten the Tube by two thirds only. Thefe are of ufe for

a very ftrong Eye and with a fma!! aperture of the Objeft-

Glafs, and when the Sun is near the Horizon, or its light is a

little diiiiiniflied, by a Fogg, thin Clouds, or the like.

If it be thought more convenient to have this long Tube
to lie alwaies Horizontal, aiKl confequently, that there (hould

be need of having a Pole dr Engine to raifc the Tube: Jt

may be frau^cd fomcwhat like that in the fourth Figure, where

tbc fame Letters anfwer to all the parts above-mentioned*

or elfe like that in the fixth Figure , the Letters of both

which being the fame with the fomier,will eafily explain ihem.

. Now in all thefe, and 20 other contrivances of this nature,

with one, two, three, or four RefieXing- plates which may te

prefendy thought of, the fight is direXcd exaXlyat the Sun,

fothat there will be little difficulty of finding it aficr the

Glafles are fixt to their due lengths and pofitions.

I explained alfo at the fame time to tYe.Koui Society^ at

their publick Meeting at Arundel-houfe^ fcveral other waiesoJ'

facilitating the ufp of very long. Glafles , for otber Obje6s in

the heaven, by the helpof one Reflefling plate only, and that

was by a Tube fixed, either perpendicularly, horizontally,

or obliquely, for ic mattered not whether as to the feeing the

0bjc6;in any part of the Heaven, fuppofing other circum-

flapces hjln<Jred not , and the obje6 could be as eafily found

as by the coiumon Tclfffijifes of the fame length. But of t hefe

elfcwhere,

Thefe contrivances with four KeflcStim^ nujr be made ufe

of
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^<of by na<:h Nvhofc fight is weak , but fuch as can trndufe It

fomevvhat brighter, and would fee the parrs more ftrong, may

make ufc of one of three Reflexions only, like that of Fig. 14.

which doth beft fuit my eye.

Next, this He/hfstfe may be made by Refif^fcn only, with-

out any Refra&hn, and that may be done either in the man-

ner of that in the feventh Figure, when 4 ^ reprefents a con-

cave fjrface of a black Glafs, wbofe focus is which, for Jn-

llance, we wil I fuppofe at the diftance of forty foot, c d rtprc-

fents a clear plate of Glafs of two flat furfaccs,which are made

not parallel but a little inclining, fo as the refledion from that

fide which is fiirtheft from the concave may be caft another

wiiy,and not fall at all upon the third Reflefting-plate t and

becaufe the wedg like form of this tranfparent plate of Glafs,

fd^ will caufe a refraXion , and confequently a coloration of
the Ray ^ therefore there muft be another wedg-Iike Plate

waAly as may be like the former, which at fome diftancc , as

at«»/>, where the reflexion will not con?e to fall upon the

Plate, I { mull be fo fixed that the thinndl part of* this may
lie juft upon the thickeft part of f and the thickeftof this

'over the thinneft- of that, by which means both the falfe refit-

^icns and reftAliens will be removed. From t { the Rays arc

refle6ed to y and from > • to ^ the focus, and fb through the

Jens, z,, to the eye x. This I take to be the beft by Reftedkn ;

but it may be twenty other waies contrived , which I fhal!

not now fpend more tinae in defchbing, it being fo eafie a mat-
ter from (he confideration of thefe I have mentioned, to make
an hundred other variations of the principle.

To this HeUofcofe may be fitted Inftruments for meafuring

the MachU ^ fatmU^ and NebuU ^ vifible in the body of
the Sun, as alfo the fpaces paflcd by them in a day, two, three,

ten, &c. together w ith the variation of their Figures and Mag-
nitiidess but the dhmerer of thebodyof theStm will be bet-

ter taken by the fo'lowmg Inftrument. And by reafon that it

will be often fiecelTary to draw their figures more exaidlly, the

fengine that I have defer ibed in my AffimAdverJms^ in the

67, 6 B, and' 6 9 fuges.miy be made uieof to4<eepthe HelioQ^fe

al waies dire^cd ac the body of the Sun, which will be pormall

eafe toan Obferver, thatts to delineate the figures on Paper.

When
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When the brightncfs and radiation of the ^oon.Venm or Ju^
pter, do fomcwhac offend the eye, they wili prefcntly lofe

their beards and look very diftinft, if one reflt^ion from

glafs be made ufe of in the teUfiofe,

Another Inftruroenc I prorcifed todcfcribe, is, for taking

any fuch Diameters traptfits^ ordiftanceto rhe certainryof a

fccond Minute, by which more may be done for the:findiRg

the Parallax of the fuperiour Planets, and the Longitude on
the Earth , then hath been ever yet done by all the Inftru-'

mcnts that have becnufed in the World*

r. This is madeexa^lly, in all particulars like the <@i»i-

irant^ as to rt5 hollow centre, Screwd-limb, Screw-frame,

and long Rod to turn the Screw fro;n the Centre; and that

the Screw-frame may be kept down the tnier, upon the

edge of the Limb, there fliouldbemadea fmall Arm to ciafp

beliind the inward limb of the Inftrumenc , after the manner

reprefented in the %th. Figure by t»
,
by which means the

Screw will be kept clofe, fteady, and eaven to the outward

edge of the Limb. The Letters in this %th. Figure being the

fame with thofe of the i and r \th. Figures of the JnimAdver'

fiortst and reprefenting the feme parts, need no further expla-

nation.

2. Inftead of this Screw upon a circular Limb, a Screw may
be made to move upon a ftraight Limb , or Ruler • the end of

which muft: move upon Centres or Rowlcrs , the centres or

axes of which Rowlers muft be exad^ly in the fame line,

when both the Perfpeftive- fights are adjafted to the fame Ob-
je6, and the divifions began. The fame thing may be done by
a ftraight Screw , in the manner of a pair of dividing Com*

fMffes , where the fame care muft alfo be had, that the axes of

the Rowlers muft be exa^lly in the fame line , and the fides of

thelncompaffing-fcrew, beingmade of fteel, muft be made to

fpring about the long Straight-fcrew ; this long Sci'e^^ muft

bemadeof fteel of half an inch of diameter at leaft , if it be

made 1 8 inches long, and 'twill be beft to fcrew if^vith a'fmafl

thred , otherwife it will be apt to be moved out of a flfa/ght

by ferewing a large thred; andthethred, whether greater or

lefs, muft be made by degrees with a pair of cutting- ftocks,

that may be fet dofer every time of ftrewing.

C The
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The manner of contriving the Centres and Sockets may be

fcen in the 1 2 and 13 Figwes, where the 1 3 reprtfents it in an

end way Profpcd, and the 12 in a lateral or fide-ProfpeA;

I is the Rowler of the upper Tube, and 2 of the under,33 the

Screws to faften them in the holes , 44 the incompafllng or

Socket- ferew which fpringeth clofe 10 the Gylinderjj^ 6 the.

Cyhndtrical fuiooth Socket which guides the Cylindrical-

fcrew,ro as to make its Axis pafs exafily over the center of the

«Row!er 22, and which, bymeansof a Ring 7 onthefcrew,

keepeth the pointed-end thereof 8 againft the ftay or por-

tance9; 'tis not difficult how to make a Dividing- plate, and

an Hand or Index thereunto, nor how it may be turned firooL

the centre of the two Tubes by along Rod, as in the ^th. Ft'

gure 5 nor will it be difficult , after it is known by Obferva-

tion, how many Revolutions, and what part of a Revolution

anfwers to five whole degrees, to calculate a Table of SuSf

which (ball fliew what part thereof goeth to make the

ptbtenjeoi every Minute and Second of the faid angle.

3.The fame thing in the year r 665^1 performed by a Rowler,

rowling upon the limb of the QuAdrdnt^ by the help of two
Wires which were coyled abouc thofe Rowlers , and the ends

thereof were faftned upon the limb of tht^iudrMi for,

by a large index on the end of this Rowler, I was able to move
the anil of the Inftrument to any fifth Second of the ^uA'
drMnt, with great eafe and certainty.

1 alfo at the fame time made another Frame with a ftraighc

Screw, which opened to five degrees only, with Tumbrels or

Rowlers like a pair of dividing Compsjfes (after the fame

manner with this I have newly defcribed, for taking Z)/4-

mcters or Dift^ces to five degrees) and by the help or very

curious Li ne^ drawn upon a fmooth Glafs- plate, and Points

very curioufly made at every five degrees on the limb of the

^uddfAnt^ or Inftrumenton which it was fixt, and the help

of a very deep FUno convex /^/f/^whofc plain fide was turned

downwards towards the Plate, and the convex fide towards
the eye, the faid Frame was moveable from five degrees to

iivc degrees, upon the whole limb of the ^^uddrM or Inftru-

mcfir, by vvhichi fnftrument I could with great eafe aftu-

ally and accurate divide angle into every five Seconds,

and
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andtfonfequently take any angle to the accuratcnefs of five

Seconds; for, removing the Frame to the next divifion , lefs

than the Angle defircd, and then by the Glafs^fixing one of the
Arms that had the plate, exaftly over the hole or point of
divifion , by the Screw the remaining part of the Angle could
beexaflly meafured.

As to the method of dividing any of ihcfe, the beft way
will be to meafurc upon fome Plain looo, 1 50©, or 2000 foot

in length, by two Rods of twenty foot long a piece , orelfe

by Wires drained with weights, the way of which 1 fliall

fljordy defcribe: Beginning from the very centre of theln-

ftrument, and at the end thereof, to fet up fo many Deal-

boards joyned to phc end of each other in a flreighc line, or

clfe to ftrain a pretty big Line, which (hall cut the meafured

linecif dijlance from the center of th^ Inftrument at Right-

angles, and then by a Table of natural unge»ts , according to

the diftdnce from the centre of the ^adrant, put as RadtM,

to fet and mark off upon thofe Boards or Lines the divifions

of Degrees and Mhiutes, by Compaffes or Rutesj as exadly as

may be, and mark them accordingly , that the Degrees may be
diftinguiflied very plainly from the Minutes : Then having ad-

jufled the Inftrument, fo as to fee the beginning of thofe Divi-

figns through both the Tubes at once , to fet both the Indices

to p, or the beginning of the divifions, then keeping the under-

moftof the two Tubes fixe to the fame place, fo as ftiJl to

refpeft the fame point or beginning of the DivKions upon

the Boards or hine^ by the help of the Rod ^ turn the Strerp

or Rovfly till you §fid the upper Tube to refped the firft mU
nute^ and then the firft degree , and fo till you fee the laft mi-

nute of the five whole degrees , or whatever Angle elfe you

defign it to take in ; then (for the firft Ihd third way) reckon

how many whole Revolutions , and what part of a Revolu-

tion goeth to make up that whole Angle, and fubdivide the

fan)e by a fmall Table into Minutes Sit\d Seconds ^ and you
will prefenrly find by the Trial, that you will be able to di-

vide to a ftrangeaccuratenefs upon thofe Boards, by the help

of your Tui/cs and ScreWj even at the diftance of 1 000, 1500,-

or 2000 foot, and even almoft to equalize the Divifions by

your Comfdffes , when at the very Boards. And by this you

C 2 may
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irtay cafily examiac, whether your Inffrument doth make the

fidf-divifions exa61y or not, which wall be a great confirma-

tion of ibe certainty and truth of your Inflrument. But for

the ftcond way, by ftreighc Screws, the Table of Sub-divi-

Qon mo degreeSy moutes^ and fecof/ds, muftbe proporcicned

according co the length of Snhtenfes anfwering to the Rddim^

which is the didanceof the centre of the Rcrvlers from the cen-

tre of the InArutnent.

Now» becaufc in an Inftrumcntof this bignefs it will be

foraewbat troubltfonie to turn the whole Angle by the helpof

the Screrv upon the Linjb , which I find alfo is fonaewhat

trouble foiiw in the Inftrument of three foot Rdditt^y when the

Angle is iarge, therefore for preventing of that trouble, and

to be able immediately to open the Jnfbrumcnc to ih^Artgle

defiredjOr very near it.The Screw /(in thefirft Figure ofmyA-
mmadv.)^t the end of the moveableArm,is madc,by unfcrew-

ing, to draw offthe long Screw from touching the threds on the

Limb, which being done , the Arm is at liberty to be moved
to any part of the ^uadranf, when by returning the Screw /,

the Screw-frame and Screw is brought down again to take

hold of the Threds of the Limb of the Inftrument. The on-

ly care to be taken in this adtioo, is, that neither the Index e e

be at al l moved out of its poflure to the Index-frame h h , nor

the Index 8 be moved at all about the rod of the Screw 999.

It matters not at all though the Screw-rod 999 be turned

roundor moved , fo as it be done by the Rod ceo^ and the

handle thereof pf^ or by the fmall handle at the end of the

Screw-rod, and that the Index 8 being veK^ rtiffly fixt to the

(aid Rod, be moved round with it by the fa ne motion , with-

out varying its pofition to the Rod 5 for being again brought

down by the returi^df the Screw/, to take hold of the

Threds of the Limb, into which itmuftbe Headily guidedby
hand, the Index ee vvili (hew upon the Limb the number of

"threds 01 Revoiuthns from the beginning, and the Index 8

will flievv wha' part of a Revolution there is to be joyned to it.

I hope I fliall not need to fpend time to explicate, how
the Centre of ihcfc Tubes are ro be made , nor how the Glaflfes

and Thrcd-fights are to be fixt, nor need I much to fhew, how
the Tubes may be ftiflfncd to keep them from warping very

much

;
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much^ A fmall matter of vparftng not creating any fcnfibic
errour, I am not much concerned to prevent.

If it be defircd to mike the Screw lefs , and only longc-
nough to fubtcnd one whole degree, which is enough in In-
(Iruments of fifty or fixty foot Kddius , it may done by a
Oraight Screw very well, if carel^cufed

, which will very
exa61y take Diameters and Tra»fits to a finglc Second.

Another thing 1 promifed further to explain , was , the
contrivance of the j^rms and Jo)ff$t , mentioned in pMge 73,
asallniverfal Inflniuient for defcribing all manner of £>/dls\

For adjuftin^ the Hand of s Clock, fo m to make it move in the
flfMdorp of the Style of s Dial, that is, in the FUip of the right

dfcenfton of any Foint, of the Ecliptick, or of the Heaven ; or
fecondly, in the Jbadoivof a perpendicular, or inclined Style :

For dividing and deferthing all manner of Ellipfes/;? any Ana*
iematical frojeiffitn 5 and alfo. For making all manner of FMifti-
cal Dials in ^Ir, FofterV way, Ftr communicating a round
motion through any irregularly bent way , without fiiaking or

variation , and the like*

Firjl, The Jnftrumentfor dcfcribingall manner of Dials by
the Tangent projeBiony muft be made in this manner, defcribed

in the 1 \th. Ftgure , in which there are two Axesor rodsof
Wire that arc joy ned together by a Joynt, which from the

applicabiliry of it to, and fitnefs for all kinds of motions
and flexures, I call a Univerfal Joynt. One of thefc Rods b

is, by the help of a Frames*, placed perpendicularly over
the centre of the Dial ^ the ftarp or pointed end thereof c

being funk into the Centre, about which it is to be moved ac-

cordingas it Dial! be guided by the nK)cion of the fecond Rod
or Axis d d. This fecond Rod or Axis, is, by its Frame, to be
moved and fee fo as to be parallel to the^jc/Vof the World

;

then the Hand ee of this laft being turned to the hour of
Twelve on the Plare//, the Hand of thefirft^^wiiJ point
ouc upon the Dial-plain , the Meridian or Twelve of Clock
Line.

And fo for defcribing any manner of Dial
, you have no-

thing to do but to find the Subjlile
, and the altitude of the

Stile above the Plain, and to put the Axis in its due fcituatioii

accordingly, that is, parallel to the-^jcftfof the Earth, and

then



then by the Plumbet at the end thereof to reftifie the Meri-

dianor Twelve of clock point : For then, by turning round

the Axis or Rod dd by the handle , till you fee the Index e e

on the Axis to point at ihofe Hours, haifs, quarters, or minutes

you have a inind to take notice of in your Dial ; by the fccond

Indcx^^, you are direded to the true correfponding point

in the Plain of the Dial it felfl But in fuch Dials as4ire in

or near a Polar-plain, it will be convenienc co make ufc of a

fmall Thred to extend from the Crofs, till it touch the Plain in

the fevcral hours, halfs, quarters, minutes, &c. The Arms of

thejoyntin this Operation are to be fo fixed, that the axis

of the Plate may crofs the axis of the Rod at right An-

gles.

The UniverpU Joynt for all thefe manner of Operations,

having not had time to defcribe the laft Excrcife , I ftali now
more particularly explain. Ic confifteth then of jPi/rfeveral

parts, each of which I (hall defcribe in the*9 and lo f>^.

The twojirft parts are, the Rods and Axes A and B , on
which the Semicircular Arras are faftned , which are to be

joyned together fo, as that the motion of the one may commu-
nicate a motion to the other according to a proportion

,

which , for diflindtioDs fake , I call EUipt/cai or 0^

The two next parts are , the two Semicircular Arms C C .

and D D, which arcfaflned to the ends of thofeRods, which
ferve to take hold of the four Points of the BdU^ Circle^ ^Jdc^
dium^ OT Crofi 'in the middle, X; each of thefe pair of Arms
have two Centre-holes into which the fliarp ends of the Me-
dium are put , and by which the Elliptical or oblique pro-
portion of Motion, is fleadily, exa61y, andmoft eafily com-
municated from the one Rod or Axis to the other^ Thefe
Centre holes I call the //ii/f</j.

The and laft thing, is, the BmU, Round fUte^ Cro^^ or
MediumX in thejmiddle, taken hold of by the hands Loth
of one and the other pair of Semicircular Arms, which, for

diftin6ions fake, I henceforth call the ^(edium, and the two
Points II , taken hold of by the Hands of the Axis, I call

ibeFtintj, and the other two Points 22, taken hold of by the

fccond pair of Arms, I call (hciVz/p//.

Firft,
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Firft, for the Reds, they may be made of what bigncfs you

think fit
,
according to the ufe for which you defign the In*

flrumcnr. The only care to be taken in the making of them, is,

firft that they may be cxaflly Cylindrical in thofe parts that
move in Collers , and fecondly , that the Axis or middle line

of them do cut each other exa6Iy in one point , which point
muft not vary upon any alteration or change of the Joyntby
bending the angle they make with each other, moreorlcfs,
nor with the inclination of the Semicircular-arros to any de-
fired obliquity , nor with the rotation or turning round of
the whole Inftrunient. They require therefore a very dexte-
rous, and a very knowing Artift , to make them as they ought
to be, to perform their motion wirh exadnefs. Let 4^ theo
reprefent one of thofe Rods , and ^ a fecond , which are

turned exadily cyHndrical within the Collers ^/^ and ^, and
thefe Collers are fo difpofed and fixed on fome frame, that the

middle line or axis of both thefe Cylinders may cut each 0-

iher in the point ^5 if then both their necks and collers be
wrought true and exa6, the Axis or middle lines of them
will alwaies cut each other in the fame point, howfoever they
be turned round within their Collers 5 nor muft this point i

be varied , howfoever thofe two Axes are inclmed to each
other, fo that though c d be infledied to / «i,or«tf, and fo

make either an obtuferoracuter Angle, yet the point / muft be

the centre of the Medium,where both the Axes concur and cut

each other.

Secondly , The SemicircHUr-Arms may be made of what
bignefs, thickn«fs, orftrength, theoccafionfor which they arc

defigned fliall require ; that is, if they are only to carry the

Hand of a Clock in the fljadow of a Common Dial , whether

made after the Orthografhical^ Stereographudl , or Hortlogicd

projection; or if they are by an Annual motion to (hew the

motion of the Sun in theEcliptick, or the ;Bquation of Time,

a very fioall ftrength is fufficient ^ but if they are for carrying

round a great ^uddrdnt , fuch as that I have heretofore dc-

fo'ibed , there they muft be made ftrongy and more fubftan*

tial. Carealfo muft be had , that the inclining the Arms to

any angle may not vary the centre of the Ball or Crofs out of
the point, where the two Axes cut eachothen Both thefe

Arms
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Arms arc to be made fo as to be inclined to any angle ; thac^

is, that the Axis pf the Medium , taken hold of by the Anns

of Iron, may be made to incline to the axis of the Rod, on

which they are in any angle defired , and being fee to that

Angle, to be fteadily fixed , which may be done by a pin,

fcrevv or wedge ; the way I make ufe of for the Azimuth-

Inftrument^defcribcd in the 73p. my Animadverfions j'ls this

which is delineated and explained in the Fig.^ where G re-

prefents a focket of Brars,movabIecylindricaily roundabout

the end or neck B, of the Axis or Rod BB, the fame with a

in the 22 Fig, of my Ammadverfions, and fixable in any pofturc

defired, by help of a fide Screw h , fuch as is very comiiwnly

made ufe of for moft Inflruments that are fixed upon the end

of a three legg'd Staff, and is commonly called a Cylinder 2Lnd

SoeJ(€r,t\)\s Socket of Brafs hath a fmall Rod ftf Iron,/',fixcd in-

to it at k, which is near the middle of its concave pare, through

this Rod there is made a fmall eye or hole , and through that

hole a wedge-like pin m being thnift, ferres to keep the Semi-
• circular Iron-arms CC, ftcady and fixed in any pofture they

(ball be rcdified to. The SetDicircular-arms CC, are to be

made of very good Iron, or ra her Steel , and to have a chan-

nel or grove quite through the middle of one of them, and

extending the whole loig'h of a quadranrof a Circle, namely

from* to tf, becaufe, according to the variety of occafions, it

may be varied to any point between » and 0 ; and *cis to be
obferved, that the Iron-rod ^ muf^ be fo far fixed out of the

axis of the Socket^ , as ;f is diftant from / , or 0 firom f the

middle of the Iron-arms between* and i, thatfo when there

isoccafion, the Centre-hole or hands / may be moved to f and
faflned. At q mufl: be made a Joynt In the Semicircular-arms,fo

that when the end ;f oftheArms is fixed in ornear ;{',the other

arm C may fall back from the point / , orherwife the circular

motion, in many cafes, cannot be continued quite round , and
communicated from one Rod fo the other, by help of the Me-
dium or Plate jc. The feveral pieces of this Joynt,as they are

apart and diftinft ypn may fee in the <)th. Figure^ and as they

are joyned all together fit for motion you may fee in the tififh

Figurty to which alfo the defcription of every partis ad-

joyned in words referred to by the help of Literal mdrks^

tth^h
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which, I hope, will make it fufflciently plain to any Artift to
und'jr/tand.

Thirdiy, The medium Ball or Crofs X, muft be made of
a bigntfsrui fable to the Anns and Cylinders , and great care
muli be had that all the ends, points, or handles, lieexadJly
in the fame plain, and that they be all equally di.iant from
their Center , at leaft , that any two oppofite ones be fo

made , becaufe it is not abfoiutcly neceffary that they fliould

befoall four* though in moft cafes it bebeftj and farther,

the Handles or Pivots ought tobeexaftly round, conical , or
cylindrical , and the middle lines of them to cut each other
at right angles , or upon a fquare ; and in general , that all

things about the faid Joynt be fo contrived and wrought
that the Axis of the two Rods may alwaies cut eachoiherm
the centre of the medium Crofs or Plate, and thit the faid

Centre, whatever change happens to the Joynt , may alwaies

kecpexadly in the fame very po.nc', without any ai eration.

The fljape of this Medium may be either , a Crofs \\ hofe

four ends hath each of them a Cylinder , which is the weakeft

.

way, 'tis deferibed in the 9 and i oth. Figures by the Crofs A";

or fecondly, it may be made of a thick plate of Brafs , upon
the edge of which are fixed four Pivots, which fcrve for.

the handles of the Iron-arms to take hold of ; this is much
better than the former, but hath not that ftrengthand fteadi-

nefs that a large Ball hath, whieh is the way I mod approve
of, as being ftrong, fteady, andhandfomc ; thcfe are deline-

ated in the aforefaid Figures^ by X Jf, and Xx x.

If it be an Elliptical Dial to be dcfcribed by the Orth^-

graphical frojeSiion ^ the former way for defcribing T4«i^^/s/

Dials 9 gives the lines that divide the El! ipfis of ihc Equinox

in its true proportions ; and if you wou'd have the Lints that '

divide the El lipfis of either Tropick, or of any other pa-

rallel Circle , you muft redtifie the Semicircular ArmsT^of
the Axis B B, to the degree of the declination of that Paral-

lel, and them proceeding as before, you have the Lines

which from the aforefaid Circle divide the Ellipfis of <hac

parallel accordingly. Ferfendiculars airo,letfdlLfrom the ends

of thf Crofs 1 1 , give the true Ellipfis in ih'^ Orthographical

fr^eliiort anfwcring to that Parallel.

D Thee
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Thcfe Lines thus found , are the true sdmuth Lines of the

points or divifions of that Parallel, and are this way traced

outexiftiy , without any trouble of Calculation , which for

fome purpofes, in Surveyings Navigation ^cjrc. are of very

greature,as I (ball afccnvards fliew.

The Univerfality of this Contrivance, for refolving almoft

2]\ Spherical ^nepcns, makes it of very great ufe in iV^#i//-

gatSffn, if it be adapted as it ought to be ,
efpecially for the

Common Sea-mans life
,
who, with a very few Rules, will be

able immediarcly to find the fmr^ and azimuth of any point in

the Heaven, fufficiently accurate for moft Obfervat ions that

can be made at Sea 5 of which more hereaf(cn

Formakingthe or /;7^/^je of a Clock move in ihcflia-

dowof thtStyUy made upon the Face of the Dial, and ex-

pofed totheSun, this J^/;7r, being made to joyn the arbor

of the Wheel that goeth round in twenty four hours, with the

arbor of the hand
,
pcrfornieth it without any other ^'A^^i or

Pinipn in the Dial or Face part of the Clock ; if the Arbor
of tb^ Clock that fliould have carried the Hand round in

twenty four hours, be made to have the fame inclination to the

plain of the Dial that the Axis hath, whether parallel to the

Axis or nor, it matters not at all, fo tliat the Hand be re^lificd

accordingly as it ought to be, and that the Style of the Dial

arifcth from the centre of the Dial ,
out-through which the

Arbor is produced for carrying the Hand, and placed in its

Parallel refpcft to the Axis, as it ought to be for a Tangent

Dial, For the fhadow-Line of the Axis upon the plain of
the Dial, being alwaies carried round the centre of a Dial in a

plain,which palTeth through thcJxii orStyle^and maket h equal

progreflions about it in equal fpaces ofTime,and unequal pro-

greifions upon the Dial-plain, according to the proportion of

Inclination, and the whole Revolution being performed in

twenty four hours, and the Hand of the Clock upon the Face
of the Dial being alwaies moved in a plain which pafTcth

through the Arbor of the Clock, and maketh equal pro-
greflions in equal fpaces about the faid Arbor, but unequal

progrefllon about the Centre of'the Dial , according to the

differing Inclinations: And thofe Inclinations being both in

the Sun- Dial and Clock-Dial the fame, itwillfollow, thatihe

Hand
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Hand of the Clock muft alvvaies move in the fliadow of the

Sfy/e^ if the Hand be once rc6ified to the true Plain, and the

Axis or Arbor make its Revolution as it ought to do in twenty
four hours.

If it be further dcfired , for the eafe of taking Azimuth
2X\6 Altitudes^ that the Arm of the Azimu.h quadiant that is

onccadjufted to the CarUjfhlO^jaf, ftould, by the aforefaid

Jo>nc or InftrunKjnr, be ktpt aiwaies refpedting and follow-

ing the faid Ob;e6 in its Diurtid motion , it may be very eafily

peif)nDed by the help of a fmall perpendicular Ruler ^ whofc
Jower end is Joynred into either of the Arms 1

1 , of the cir-

cular Plate X, in the 2 2 and 2 3^;^. Figure of my AnimAaver*

fionsy and the upper end joyntcd into the movable Arm, at

the fame diftance from the Centre of the Quadrant that the

lower end is from the centre of the Plate X,and that the centre

of the Quadrant be fet exadly perpendicular over the centre

of X\ but then ihc divifionsby the help of the Screw cannot

be made ufe of, becaufe the Clodk-work it felf is to turn and
move the Arm : But it may be done by any ^uidr^ot , where
the ininute Divifions are performed by tiie help of Diagonals.

For the Arms of the Circular-plate r i being aiwaies moved in

the fupcrBcies of the Cone defcribed , by the radiation from
the Cce'.eftial Ob;e6 to the centre of the Plate A', that isto

fay, the Line that pafTcs through the Centre of the faid Plate,

and through the two Points r being aiwaies diredcd to the

Coeleftial Objedk, if the Arm of the Q[iadrant be moved per-

pendicular over if, and parallel to it, that alfo muft be aiwaies

dire^ed to it. And hence it may very cafily be conceived,

how the aforesaid Semicircular Arms m;^y be readily and cer-

tainly reftified to any Caelefiial Oi>je£f ; that is , by fixing Tr-

/^y?<j»^^j or Common- fights upon the Circular- plate, foasthc

Axis of them may be parallel to the Line through i r , and

Joofing the Screw ^ to redifie it to the jObjeA by the fighr,

and then immediately to fix it in the faid poflure by the afore,

faid Screw j the Clock-work of the faid Inftrumeni having

been before that put into motion. The reafon of all which
will eafily appear to any one that throughly coofidcrs, that

all Celcftial Objefts fccm,by the diurnal motion of the Earth,

to move equally from Eafl to Weft about the Axis of it , and

D 2 would
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would airdo exa ft ly fo, were they, not fomewhat varied by
rhcir own proper periodical revolutions, which though it

doth indeed make a real difference between their velocities

about the Axis.of the Earth, yet that difference is but fmall 5

and the fauie circular Pendulum will fcrve both for the Sun,

9jMoo?t^ PUnets, and Srars^ if at leaft the Pendulum ^, in the

jf//fr>f//^ /'Vg'i/r^, be a lit tier lengthened or fliortened", by lifting

up or letting down the Rod q in proportion as the Body k
moves fwifcer or flower. And 'twill not be difficult to mark
upon the Rod q q, the appropriated length of the Pendulum

for the Su?t, ^Uon j or Stars ; but this only 'by the by.

If in the next place ir be defired , that the Hand of the

Clock fliould be alwaies carried round upon the face of the

Clock, in the (hadow of a Style perpendicular to that plain,

byreafin that the declination of the Si:n daily varieth , the

ang'es of the fliadow about that Style varieth alfo , and con-

fcquenrly the .inclination of, the plate of the Joync to the

Axis or Arbor maft vary alfb, and that variation muft al-

waics be the fame with the variation of the declination of
the Sun , which is twenty waies mechanically perfoawable

in Clock-work , fo that the motion (hall be performed by
the Clock-work alone, without touching it with the hand.

All the other dircdlions that are requifue to adjuftihe Clock-
work to fuch a Dial ,

is, only to make the Arbor of the

Clock-work to have the fame inclination to the plain of the

Dial, that the Axis of the Earth, or a lineparalel toic hathj

and re^ifying the Hand into the true plain of the Axis , or
Inclined arb>or, the equality of the motion of the Clock-

work
,
according^© the diurnal and annual motion of ihc

Sun, we fuppofe alfo to be provided for.

If theHandof the Clock be defired to be moved in the

fhadowof any other freight Style, hovvfoevcr inclined to

the plain of the Dial , then muf^ there be another joynt like

the former, added to the end of that Axis which was per-

pendicular to the plain of the Dial , and all the three

Axes muft be fcituate in refpe^l of the Plain , in which the
Hand on the end of the lafl is to move , that the inclination

of the faid Axes to each other, may reprefent the inclination

of the km to the perpendicubir axis^ of the Plain , and of
that
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that perpendicular Axis to the axis of the Style. Or, which
is foincwhac fhorter, and may be made handfome enough , Let
the two cods of the Hand reprefcnt the two points of the

fecond circular Plate or Globe , extended long tnough to
reach to the hour Circle , then let the axis of this fecond
Arm be placed in the axis of the inclined Style, and let the

axis of equal motion
, reprefenting the axis of the diurnal

motionof the Earth, be placed with fuch inclination to it,

as the axis of thcEarch hath to the oblique Axis or Style of
theDial, and the motion will be moft exad^ly performed me-
chanically, and according to the truth of Geometry and CaU-
culation.

Now, in all thefc motions, caremuft be taken, to provide-

that the inclination of the declinAtion of the Sun from theE*

quinoftialjbe expreft by the ends ir,in the 22 and 23 Figures

of the fecond Plate of my Animidverfi^ns ^ the Cro fs ,

taken hold of by the femicircular arms c d, upon the end of

thefirft Axis ; that is, that tlie faidarms may, by their revo-

lution, make the line of the Crofs defcribe fuch a cone about

thefirft Axis, as the motion of the Sun dotli about the axis

of the Earth, making the centre of the Earth the apex of that

Cone V which will be done , if the faid (emicircular Arms be

moved, and fet to the declination of the Sun for that day.

Or, that an additional motion be added to the firft Axis,

that the Clock it feif may perform ir, * This may be done

twenty waies eafily enough, which I fuppofewill be fiilE-

ciently obvious to any knowing Mcchanick , and that with-

out the help of Tooth-wheels or Pinions, which in works of

this nature are in no wife to be made ufeof, by rcafon of their

ihaking and uncertainty, which I fliall elfewhere defcribe.

There is one only difficulty in-this motion , and that is only

in fuch Objedls as pafs over, or very near the Zenith or Nadir

of the place, for'in thofecafcs, wl^enihc Objc6 comes very

near the Zenith, the obliquity of the motion of the one to

the other isfo very great , that the firft Axis doih not move
the fecond without forae difficulty ; But to remedy this, the

expedient is as ealie, and that is
,
by having a little barrel

about the perpendicular Arm, to carry it forward as far and

as faft as ihc (ifll Inclined axis will permit if, which weight

may
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may he removed as foon as theOb^ed: is a little \ny pad the

Zenith.

The next ufe that may be made of this, is, for carrying the

Hand of a Clock fo, as alwaies to move over that point of

iheEdiptick in which the Sun is, in a Srereographical

projc6ion of the Sphere upon the l^lainof the Equino6ia',

or in an Orthographical proje^ionof the faid Sphere upon

the fame P)ain, fo as to exprefs thereby nor only the differing

right afcemiv^ns, btit the anomaly alio of theSnns motion in

the excencrick of the Ecliptick. And by this lueans the

Face of the Clock may be made by a Planifpherical pro-

je6ion , to reprefent the motion of all the Surj appearing

jnany Horizon that is not too near the Equino6ial, their

:B.ifii9gs , jettings
^
calmmatwgs

,
azimuth^ and dlmiuuters

;

R/JtnffSiud fettwgs of the Sffn, the lengths of the Daj^s and
A^ightSyBtidof iht Trvtlights and Davpmpgs ^ and nuny other

Problems of the Sphere. And,which is a confequenr of this,

it may be made to (liew the equation of Time, which isne-

cefTary to be made ufe of for fctting a penduhim Clock by
the Sun, thcmannerof doing which I muft refer to another

opportunity, as I muftalfo theufeof this Joynt, for drAv»'

ing EUiffes^ drttliftg and htring of bending Holes, for turning

Eliipt/cdl and Swsjh-tvcrkf till I publifh my defcriptionof a
Turning Engine

^ capable to turn all manner of Comcdl Lines

,

and Coneeidical aiJ manner of Foliage and F/oiver»work, all

variety of Basket or Breaded-work , all variety of spiral and
'Helical-mrk,(trying for the imitation of the various forms and
carving< of all forts of Shells; for cylindrical ?iX\d conical Screws-^

a' I variefy ofEmboPments and Statues , all variety ofedged ^x\d

Wheel-like rvork ; all variety of EeguUrlyJhjped Bodies, whe-
ther the five Regular bodies of Fiato, or produced from thofe

by various feftions or additions , of which the variety is in-

finite^ a!I variety of bended Cylinders or Cones, and thofe

whether round, in the manner of an Oxes-horn, or compref-
fed and angular, like thofe of a Kamov Goat ; for all manner
of Swafht vpork

^ Comfrejl.ivork , O'C, every of which prin-

tipal parts hath a vaft variety , and the compound and
decompound principles have a variety almoft infinite.

Appen
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Appendix*

Concerning the Ecliffe of the Moon,
ohferved in London.

TjHMAry the firft, 167?, being at ^x, Jonas Meres in the

Tower of Loftden, and making ufe of a Telcfcopeof eight

foot, and my pockec-Watch , whofe ballance was regulared

with fprings, 1 obferved the Eclipfe of the Moon ^ ^^hich

began at about twenty minutes after five , the penumbra very

much cheating the naked eye 5 for the Penumbra had darkned

that fide of the Moon^ next the fpot Grimdldi , about half an

hour before, and grew darker and darker towards the edge

where the UmhrM, entred, fo that if the Jight of the Moon were

diminifted either by reflexion upon dark Glafs , or looking

through a finall hole, between a quarter and a third part of

the iVlo^« feemed eclipfed before the timbre entred^ but the

Telefcope difcovercd it plainly to be no true umbrs , but

fenumbrd.

This I note, becaufe fuch Perfonsas do not make ufe of a

Telefcope, but only of their naked eye, are very apt to be

much deceived in their eftimation of the beginning and end

of the Eclipfe.

At $. 48. we judged by the Telefcope that the iVJo<w» was

eclipfed fix digits, or half; at 6. i9« ^he total Eclipfe began,

when the Moon appeared of a very red colour , efpecially

towards that part of the Limb where thedircdl Raies left it,

which was at the M^re Crifinm^v^hich is oppofite to GrimAldi.

Now the Skie being fomewhat clearer , it being before hazy,

,

with the Telefcope I began to difcover a great number of

fmall S'/'ir/ about the Mo<»» , which appeared yet much more
confpicuoiis , after 1 had taken off the apvperture from the

Objcd-glafs , and amongft the reft , one feeined verv confpi-

cuous, and lay in the way of the Moon , which I diligently

watched and obferved , that it was juft covered by the ^Uon
at 6^ 47'» 30''. xh^M^en firft covering it with chat pan of it

which
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which was almoft perpendicularly under the centre of the

About three quarters of an hour after the total immerfion,

the body of the Moon was exceeding dark , and almoft un-

^erceivable, being then near the centre of the Umhrx ^ and

afterwards the Eafternioft or foremoft pare of the Limb of

the hhon began tobe inlighrned, whereas before the Wcftc>
nioft Limb had been the brightefl. This was alfo rery no-

table , that that pare of the ^J^Uon that was towards the

North-Pole, a pretty while before the ettjcrfion of the Moon
out of the total Eclipfe , and even till ihe very emerfion, and

.fomewhataffcr too, appeared inlighrned with a much brisker

tight than any other pare of the body , except that which
•was next the Limb where the light again encred. From what

•caufe this fhould happen, I know not 5 poilibly it might be

caufed by a greater rcfraftionof the Air near the North-

Pole of the Earth, and I am much troubled, that \ hadnic

taken notice whether the like phenomenon had not happened
to the body of the Moon before it had pad the centre of the

UmbrtL ft was very manifcd, that there was a confiderable

quantity of light that kept that Limb of the Moon which

was next thelight, confpicuousby the Telefcopeali the time

of the total Eclipfe ^ and 'tis very rational to afcribe it to the

Raiesof theSun, refrafted by the Air, or atmofphere of the

Earth.

I was very well pleafcd to obferve the Moon to cover

/-feveral fmall Stars (hat lay in its way , but I kept no

account of them, but only watched diligently when the^/^r

thatentred behind the Moon at 6. 47.30. would come out

^galn, which 1 found ittodo at 7.30*. feeing it at the very

moment of time that it began to appear again. And it was

nlfo at rhe fame inftanc difcovercd by ^r.Jonas More, who was

cxpecJlingit with another Tube.

At 7 . the body of rhe Moon firft emerged out of the

Umi^rd dLi the fpot Grimaldt, diud foon after all thole foiill

5Mr/ that were confpicuous before about ihe body of the

Moon, viDifhcd. However I had, beforeits fir ft emerfion

ourof thefliidow , taken a little draught of the fmall Stars,

according to rheirfevcral pofitures and magnitudes, only by
gnefs,
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miefs, that I mighc a week after, when the Mhm was gone
Urthero(F, inquire what that Sfar was that had fufFcrcd fo

coofpicuousan Eclipfe, and that thereby 1 mighc the more
certainly determine the true place of the5W;fand ^loonn
that inftant, which I found to be that in Bayer^ touching the

Eclipcick, in about 210.40'. of CMmer, IY\^ Umbra ct^kd
wholly at eight of the Clock and five minutes, though the

ttnnmifrii then poflcflcd almoft a third of the Moons Diame-

ter, and laftednear half an hour after, before that fide of the

Mion wasperfedly inlightened like the other.

There out Fhemmemonytry reraarkable,which I took
more efpccia! notice of, as feeroing to me very confiderable

for the dctcrroining^that controverfie, whether the Mcon have

an atmofphere or not, like that of the Edrth ? And that was,

that after the ^Uo» was entred wholly into the UmbrA of the

Earth, that part of the Limb of the ^loon which was lafl cn-

lightncd, continued for a confiderable while to have a very

great brightncfs upon ir, which extended on each fide that

part of the Limb, both northwards and fouthwards, to a-

bout a quadrant ofthe ^^oom Limb,makinga rcprefentation

almoft of a New Mcort about a day or two old, and as the

body of the Mton was immergcd deeper into the fhadow, fo

this brightncfs or light grew fainter and fainter,but ftill fccn>

cd to fpread it felf very far upon the Limb of the Mnon only,

vaA not upon the body thereof. That which was fpread in-

to the body being much fainter and w^eaker, and fctmingCas

I before noted) to proceed from the refraftion of the Armof-

pbercsof the Earth. Nor was this only confpicuous at the

entring into the total darknefs, but as remarkable a'fo

at the ^jci/w thereof out of the fame, infomuch thatforoeof

thofe Perfons, who at the fame time viewed the fame with

me, verily believed the Moon was not wholly eclipfed fo

foon as really it was, nor continued fo long in that obfcurirv,

as very vifibjy it did by the fpace of two or three minuses. For

I took efpecial notice when this inlighrningof the Limb be-

gan again to appear, and 1 obferved its increafe, and fpread-

ing about the Limb, till the very inftanc that the immediate

light of the Sun touched the very extremity of thctiicbit

E felf.



felf, which was inclced fo very briskly bright^ ftrong,

that ii' did not only Toon make the other light difappcar, bur

alfo all the Telcfcopical Stars that were near to it, and to-

wards the end alfo many of the more confpicuous Stars, cf-

pccially fuch as were not far from the body of tficMooft.

Poftfcript.

I
Should have here taken leave of my Reader for this time,

but that finding \n the 7rd»faiiicfts 2, paflTage inferred ouc

of the French Journal de SctvMS^ about the invention ofai>

pjying a ^ring to the BdlUnce of d Watch^ for th^ reguUitMg

the motion thereof^ without at all taking notice that this In-

vention wasJirfl found out by an Englijb'mzu , and lougjinee

fublifbedtothe World: I muft beg the Readers paticncc.whilft

/, in vindication of my own right againft fomc unhandfooic

prvXreedings , do acquaint him with the ftate of this aiac-

tcr.

About feventeen years /wee, being very inquifitivc about

the reguUting the meafure of time^ in order tofind the Longir

tude^ 1 did &om an Art of Invention, or mechanical J/gehrs

(which I was then Mafter of) find out and perfeft this con*

rrivance, both as to the Theory and Experimental verificati-

on thcrcof,ofwhich I then difcourfcd to divers ofmy Fritnds^

but concealed the mcdm.

About fifteen years fince, to wit, in the year 1660, pre-

fcntly after his Majefties happy Reftauration, I was in treaty

with fcvera 1 Perfons of Honour (fome of which are yet li-

ving, thoughtful/ of ihc^-i isJince dead, but I have fufficicnt

evidence to produce in his own writing that he ^as one^ for

the difcovery thereof, upon propofcd Articles of encoa-

ragemcnr. This I can prove by undenidiU WitneflTcs yet Ji-

ving, and I have Hill ail the Papers,' Articles, and Tranfadiont

of this matterby me, intbeir own band-writing.

in
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In order to bring this Treaty to ptfs , I was neceiCra-

tcd CO difcover fomething of Invention about mdptrhg
lime^ which was, this way of applying Springs U the 4rl/$r

$f the BdUdfice #/ 4 Watcb^ for the reguUting the vibrAtiofH

thereof iftsil fojlures. And this I did, to the end that I

might gain fomewhar of belief in thofe Noble Pcrfons (with

whom 1 was to treaty That I had fomewhac more than or-

dinary, and was not one of the heard-of Pretenders to that

Invention: which efFed it had, and their Treaty with me
had finally been concluded for fcveral Thoufand pounds,

had not the inferting one Claufe broke it off, which was, 7hat

if after I had Mfeovered my inve/ttiom about the finding the

Longitude by Watches^ or otherwife {though imthemjehes fnf-

faient) Theji or any other Ferfon jbottld find a way of impro-

ving my Frtnciples, he or they Jbouid have the benefit thereof

during the term of the Patient y and not I. To v\ hich Claufe

1 could no waies agree, knowing 'twas eafie to vary my Prin-

ciples an hundred waies, and 'twas not improbable but that

there might be made feme addition of cgnveniency to what

I fliould at firft difcover, it being faciU Invents^ addere^

And judging it moft nnreafonable to be deprived of the

benefit of my Inventions, in themielves fiifficient , becaufc

others might vary them, or any other ways improve them,

of which it was very probable they would have no thoughr,

if they had not the advantage oir being inflnid^ed by my
difcovery,it having lain hid fome thonfands of years already,

as indeed the e^ed hath made evident and certain , there ha-

ving been nothing done by any body elfe upon that njatter

for thefe fifteen years.

Upon this point our Treaty was broken off, and I con-

cealed the farther difcovery of any of the other morecon-

fiderable parts of my Inventions, for the rcgulacingof

keefers, as hoping I might find fome better opportunity of

publifliing ^hemtogether with my way t^f finding the L<;;i-

gitude of FUces, for which I hoped to have had fome benefit

for all the labour, ftudy , and charge I had been at for the

perfed^ing thereof.^ Upon this I was told, T(&4/ I had better

have then difcovered all, fince there were otherfthat wouldfind
E 2 it
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itttawitbh JhciMiWths; to which I anfwcrcd, that IwnUd

try thm c0eff^i0 y^^s ^ and it is now above twice fevetJ,

asd i do not find ic yet found out. Indeed Mr.Hig^wfliaTh

made ufc of that part i d»rcoveiTd,andfome\vhat Mr. LeA-

hath hie upon, but both of thcin arc impcrfed as 1 fljall

hercifier fhew.

'Tis true, I was alaruind by one of thofe Perfons about

two years after that, who told oie, that he had nevps thtttbe

Longitude rvasjound cut by Mferfen of Honour
^
hy MWdyif

€drrytng Mr. Hugens'j Fendulum-Cloek^ Mt Sea
,

hy the heh of
m BmJI d»d Socket y

hungto the imderfide ef the Deck of ashif.

But having a dcfcriptionof it, d prefently tdd that rerfon.

That that Inverttion would do m'mem harm ; and indeed we
cxpcrimenrally found it ufelefs to thateffcA not long after,

upon a trial made of carrying the Paid Clocks off to Sea in

one of His Majeftics Fleafure-Bodts, in the year 1662.

The Invention indeed in it felf was Ingenious , and did

much more than what Mr. Hugem did expeft , as I was then

informed by the Right Honourable the Ear) of Kincardifn^

rhe Author and perfe^er of that part of the Invention. But

wanting a little addition (which I concealed, and Mr* Boo-

^r;»/hath not got yet that I hear ofj it failed of the effeft

that was expe6ed. Notwithftanding this, it was not lopg

after pubhfhed in Lew Dutch ^ and prefcntly sifter in

Emglifh ^ wherein what made for it was related, but

what made againft it was concealed, though they were both
equally known.

But on the otherfide, all that I could obtain was a Cata-

logue of Difficult iesjjfVy?, in the doing of it
, fecondty^ in the

bringing it into piiblick ufe, thirdly^ in making advantage of
it. Difficulties were propounded from the alteration of
Cltmates, j4irs, heats and coidj, temperature of Sfrings^ the

nature of Vihratioms^ the wearing of Materials^ the motion
of the ship^ and divers others. Next, it would be difficult

to bring it to ufe> for Sea-n^en knew their way already toany
Fcrt, and Men would not be at the unneceflary charge of the

Jffaratus , and obfervations of the Time could not be well

made at Sea, artd they would nowhere be of ufe but in Eaft
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tfld Weft Mi4 Voyages , which wre.fti perfe6)y ttnder-
' ftood that every Common Sea-man almoft knew how lo Pilot

^ Sh»p ihkher^ And as for making benefkydiW People loft by
Tuch uhcienakings ; much had been talkt about the Fremi-
mtis ioT ihG Longitude i but ihere was never any ftjch thing,

fjo King or State would tver ^ive a farthing tor ir, and the

like 5 All which I Jet pafs.

At the earneft rimportunity of a Dear Friend of mine,
fince deceafed, J did, in the year 1664, read ftvera 1 of my
firft Cutleridn Lc^fdres upon that Subjeft , in theopen Hall

at Grefhdm Colledge, at which were prefcnt, befides a great

nimiberof the ^ojsl Society^ many Strangers unknown tome,
I there fbewffd the ground and reafon of that application

of Sfrings to the BMflance of a Watch, for regulating its mo-
tion, and explained briefly the true nature and principle

of Springs, toftiew the Phyfical and Geometrical ground of
thenu And I explained above twency fevcral ways by
which 5'/>r/^^jmfght be applied to do the fame thing, and
how the f%rAtions might be fo regulated, as to make their

Durations either all equal , or the greater flower or quicker
than the lefs , and that in any proportion afijgned. Some of
thefe ways were applicable to lefler Vibrations , others to
greater, as of 2,^, 4, 5, 6. or what number of Revolbtions

wercdefired; the models of which 1 there produced, and I

did at the fame liine fljew wherein the aforefaid Sea-Clocks

weredefe6ive.

All thefe pantcularsalfo were at feveral other times
, »c

the Piiblick meetings of \hc Rcydl Society, difcourfcd, expe-

rimented, and fevcral Models pj'oduccd. I did alfo, at the

earncftdefireof fome Friends , in theyear 1664 and 1665^
cau(efomeof the Paid Watches to be made, though I was
unwilling to add any of the better applications of the

Spring to them , as waiting a better opportunity for my ad-

vantage..

Of all thefe things the Pobfifherof ihcTrMnfiifions wz^
not ignorant , and I doubt not but Mr. Hugens hath had an
account, at leaft he might haver«ad fo much of it in the

Hiftory of the B^oyd Society as was enough to have given hin>

notice
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notice of it, for fige 247 of that Hiftory, atoongft other Ex-

perimented Inventions, there arc rccounied fcveral new ways

of Fendulum WdUhes for the Pocket , vfiheretM the motion k
teguUted by Springs, &c. The account of the fcveral wayi

vfdiS%\\tnfomcwhAt Urgcr to the LcMtned Author of thit tx-

^ cellent Hipry, though he, as judging it more proper to his

defigo , was pleafed to give only ihis funimary account.

Mr. Hugfm m\g\\i therefore, if he had pleafed , have nien-

tioned the Jirjl Inventer, Xam ingenuum efi f^teri; as he

might alfo that of the Circular Pendulum, which is loenti-

oncd in the fame pdge of ihe afa; tAid HUlory.

But though he would not picafe to confefs he knew my
publiflied Invention, yet / dm jure he hath manifcftcd , thar

heknov\s no more thanwh/it 1 hAd formerly dtfiovered ^ he

Having not in Jeaft mentioned the othe Concrivance , which

is the principal , aod without which the (irft part of the

Jflvcntion is bur Iau)eand imperfeft, and doth but limp on

[9ne leg, and will fome time hobble-, and ftumble, and ftand

All!. Aodihefaid Watches will not be /rri nor (hew

the Longitude at Sea or Land, bur, on the contrary,ihey will

be fubjed to moft Inequalities of motion and carriage, and

with many of thofe motions will be apt to ftandftill, what-

ever |o the contrary is affirmed ill the French Jonrnal^ or in

the Englifb tranfdiitons.

I forbear now to men tioB any further the carriage of the

Writer of the Trdnfa^ions in this Affair, and begging my
Readers excufe for this digre/Tion , I fliall conclude this

Trad with a fhorc communicaripn of i he general ground of

my Invention for rocket-H atches^ ' tht m\\)b^r of pauicular

ways being very great, which (that the true Lovers of Aff,

and they only may have the benefit. of ). 1 have fct down in

the Univerjdl and Real Chara^er of the late Reverend Pre-

Jate, my Honoured Friend Dr. J^p/>/f |fV/4/»J, Lord Biihop

of CA^rr, deceafcd. In which J could wifb, that all things

of this nature were commi^icated, it beicg a Chafaderand

Language fo truly Philofophical , and fo pcrfeftly and tbo^

roughly Methodical, that there feemctb to be nothing want-

ing to make it have the utrac^ft perfcdion, and highcft Idea of
any



C 3' )^
any Charafter or Language imaginable , as well for Philofo-

phical as for common and conftanc ufe. And I have this fur^

iher to dcfirc of my Reader, who will beat the pains to deci^

pher and undcrftaod this defcript ion , that he would only

make ufe of it for his own infonnarion,and not communicate

the explication thereof to any that hath not had the fame

curiofity with himfclf.

This I do, not fo much to hfWer the fpreadingof this

Dcfcription here delivered, as to revive, and, if poffible,

bring into ufe and praftice that excellent Defign ; It being a

Charafter and Language perfeflly free from all n:anncr of
ambiguity, and yet the mofl copious, expreflivcand figni-

ficativeof any thing or Notion imaginable, and, ^ichre^
commends it moft to common ufe, the moft eafic to be uiider-

f^ood and learnt in the World, sec TaIpU the third.

To fill the vacancy of thcenfuing page , I have Itcre ad-
ded a of t^iccentefmeof the Inventions I intend to

publifti, though poflibly notin the fame order, but as I can

get opportunity and leafure; nioft of which, I hope,

will be as ufeful to Mankind, as they are j^et unknown and

new,

1. J WAy fif Refuldti»g dU forts of Watches cr Time-

keeper5, fo as to make Any vpdy to equalize
, if not exceed the

Pendulum-Clocks noi» ufed,

2. 7he true Mdthemsttest, and Methdnichd form of all

wu/iner of Arches for Buildings with th^ true butment neceffary

t$ each of them. A Problem which no Arcbite^onick Wri-

ter hath ever yet attempted , much lcf> performed, abccc

ddeecee fgg iiiiiiii llmmmmnnnnnooprr sssttf.ttuuiiuumiux*

3. the true theory of Elafticity or Springinefs, and a par*

tUuUr Explication thereof infeveral Suite£}s in which it is to

found'. And the way of computing the velocity of Bodies

moved hy them, ceiiiinosssttuu.

4. A very plain and practical way of counterpoiftng hi-

^uors, ofgreat ufe in llvdraulicks. Difcovercd.

5. Aneivfort of Objelf-Glajfes fcr Telefcopes and Mt-

crofcopes, much outdoing any yet ujed. D i f:overcd

.

4 6. A
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6. A Mtt Salepofcopei itmfh hU mnh Hfd ttfids

whereby tht fmillrft hefUsUty $J tht Mmh [nrfw Mndiimk

may he mojlpUmly iUJiirfgutfied. Di fcov ered.

'7, J new [i>rtof Horizontal -Say Is for 4 Mill
, perftrmwa

tht mofl ihdf Any hcrtzontal Sdyls of thdt hignefure capdifie
§f\

4nd tht vdriom u[e p/ thdt frintifU on divers other tccdfions.

Difcovered.

, &. w4 new wdy of roft'Gharriot for trsveWng fsr^ without

much wearying Horfe or Rider. Difcovered.

9. ji newfort of Philofophical-Scalcs, o/^r^J/ uJeinEx-

ferimentdl Pbilofophy. cdeiinnoopssstcuu.
..f^i.c^. A mw Inventtorn ito Mechanicks frcdigions ufe^ex*

aedini the chimera's of perfetudl motions for feveraI ufes*

aaasebccddeeeeeegiLilaimmDDOoppqrrrrt
c t c u u u u u.

gaeff hii iillnr r sstuo.

FINIS.
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L <sJ M A S:
OR, A

DESCRIPTION
OF SOME

Mechanical Improvements
O F

LAMPS..
He Hypothcfis of Fire and Flame I did
about eleven years fince publifh in

the 16. Obfervation Pag, 103, 104,
and 105. of my M/crographra, which
hath fo far obtained, that many Au-
thors have fince made u(c of it, and
nflartcd it ^ nor have I yet met with
on "confiderable objeftion againft it.-

it (hall not .theo^fore be my bufincfs at prcfent to dif-

courfe of, or farther explain that Theory,which any one
upon a ftrid inquiry into, I queftion not, will find caufe

fullicicnt to confirm him in, but rather to mention fbmc
picafant and beneficial ufcs thereof^ and to hint ibmc
Mechanical contrivances for the fupplying the Pabulum

Oyl or Spirit by theiamc Degrees by which it is coniumcd
in the flame of a Lamp, that great dilTolvent.

I do not here dcfign to (hew a way how to make a per-

petual Lamp, that being a Chimera which my Hypothe-
. of flame doth fecm to deftroy, for the diflfolvend mud
in timebc diflblvcd : But to (hew a way how to raalce

B the



the Receptacle of a Lamp in fuch manner as that it {hall*

continue to fupply the PabtiluM to the flame equaUy and

for a very long time till it be all confumed. The con-

fideration of which Problem firft put me upon the en-

quiry after a counterpoife for Liquors or Fluids, which
is alfo ofvery great ufe in Hydraulicks, as I ftiall here-

after have occafion to manifeft.

This I can do by very many contrivances, depending

from very differing Principles, all and every of which
may be fitted fo as to fupply the Oyl or PabnJum of the

Lamp in (uch quantity, and after fuch manner and pro-

portion as fhall be defired. I (hall now omit all the other

ways of performing this efFet^, though divers of them
are as much or more confiderable than any of thclc I

here mention. And having promifcd in the 32 Page of
my dcfcription of Heliolcopes to publi(h a Counterpoife

for LiSuors,! fhall only explain feveral ways by the help

ofthefe Counterpoifes to do whatfoever can be required,

as to the manner and quantity of fupplying Oyl to the

flame.

The chief dcfign of the Counterpoife in this inquifiti-

onis to keep the Superficies of the Liquor (whether
Oyl, Spirit of Wine, Oyl of Tutpetttine^ or the like )
whatever quantity there be in the VeffeJ, always to the

(ame height, fo that the faid P^lnm fhall always be
equally diflant from the bottom of the flame, and the
Wick or flame being once placed at a convenient height

ordittancc above the Superficies of the Oyl, fhall not be
deferted by the faid Superficies till the whole quantity be
confumed , but it is as eafie to contrive it, to fiipply it by
decreafing or increafing degrees, which arc conveniences
that none of all the Lamps I have ever yet met with have
had, that was tolerable for ufe. The mofV ingenious is

that which is commonly known by the name of Car-
dans Lamp, as being publillied and very probably inven-
ted by Cardan^ which doth in fbme manner fupply the
liirafting and decay of theOylcaufcd by the flames'Con-
Cumpt ion. But then it is fubjcd to a great many incon-

veniences,
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"Vcniences, which make it intollerable and difufcd : The
firftis, though it doth fupply the defeats of the Oyl to
the Wick, yet it doth it notconftantly and equally, but
by ftarts and gluts 5 for after the receptacle by the Wick
is filled, the Superficies of the Oyl continues to fink by
degrees a connderabLe fpace below the flame, before
thcre bc any more fupply added from the great Magazine
or Rcpofitory,and till the Air can break in, (which it doth
very unequally ) fo that there fometimes comes down Co

great a quantity that the receptacle is over-filled, and
the flame cxtinguifhed, and thefe gluts are more unequal
the bigger the Magazine be in proportion to the Recep-
tacle by the flame, and the more the quantity of the
Oyl be that is (ulpended^ and the more the Air fpace be
above the Oyl, and the more tenacious or fluggifh the
conftitutioo of theOyl is.

The fccond inconvenience of Cardatts Lamp is that the

Air is apt to rarifie it with heat, (b as fometimes to drive

<iown (b much Oyl as to overflow the receptacle, and
choak the flame.

The third Inconvenience is, that the Wick by the fink-

ingofthe oyl doth fooner decay the flame,beiDg fometimes

a little higher and fometimes lower upon the Wick 5 for

if the Wick rife up into the hollow dead part of the

Cone of the flame, the ftreamsand coals of the Oyl will

be (beaked together as to dead the flame and much to

diminifli the light and heat thereof, whereas if the Wick
be but (hort, and fuffered only to go but a very little

^thin the under-Superficies of the flame, it will not be

fo ftopped and caked with thofe feculencies. The reafbn

of which is evident, for the flame, as I formerly proved,

being nothing but the parts of the Oyl rarified and raifcd

by heat into theform of a vapour, fmoak, or ftcam, the

free Air that incompafleth this fteamkeepeth it intoa Cy-
lindrical form, and by its diflblving property preyeth

upon or diflblveththofe parts of it that are outwards and
next to the Air, fbas by the (aid diflolution itcontinueth

the heat, and produccth the light which we obfcrve^ but

B 2 thofc
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thbfe parts of the body offteams that rife from theWiclq
.

which are in the middle, and not contiguous to the out-,

ward Air, are not diflblved or turned into fhining flame

by the Air till they rife towards the top of the Cone of
flame where the free Air can come to reach, and (b to di(^

(61ve them, and thence gathering :jbout the Wick in the

Center of the Cone of flame they choak, clog,-, and
quite ftifle it -that the flame will quickly gaout. That
this is fo, any one may cafily find if he examine the flame

of a Lamp or Candle by the help of a piece of glafs:

For by the tranfparency therepf he will plainly perceive

that al l the middle of the Cone of flame neither fhines

nor burns but only the outward Superficies thereof that

is contiguous to the free and unfatiated Air, and that the

middle partsmay be collected in the form ofSoot, or very

fine powdered coal duft. ^ •

Ttike then a piece of Glafs, whether VVindow-Cla(s,

Looking-glafs Plate, or the fide of a Viol, it matters not^

or, which h bcft of all, a thin Plate of Selertith or MufcO"
Talk, and hold it Horizontally in the middle of the

flame, fo as to cut oft the top or upper part of the Cone
thereof, then prcfcntly, before it be choaked with foot;

look down upon it, and you fhall plainly fee that all the

middle parts of the Flame and the Wick have no fhining

power or light at all 5 nor are they diflblved by the Air,

but remain in the form ofSoot, but that only the Super-

ficies or outfide of the faid Cone doth burn, (hine, and
confume into and mix with the ambient Air.

In the fame manner, if you hold the Clafs or Selenitis

perpendicularly, and apply the fide of it fbasto cut the
tlamc per axin coni^ that the Air cannot come to one fide

I hereof
j
you may plainly perceive that the fhining part

of the flame is only that which is contiguous to, and
pre}xd upon by the free and unfatiated Air, and that

where that Air cannot come free without being glutted
and fatiated inits way, there neither the confumption of
the Oyl, nor the heat and light ofthe flame is produced^

biit only aiboty,.choaking, and ftifling fubllance.

To,
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. To make then the rcafon of the Phenomena oblefVa-
blc about the lafting or Ittding of the flame of a Lamp*
the more clear and eafie to be undcrftood and compre-
hended, give me leave to explain the manner of its pro-
dudhon and continuation by a Scheme, delineation, and
detcription thereof.

, Let.A A then in the fecond Table rcprelenta body of
Oyl,- or any other combuftibk fluid fubftancc,the Superfi-
cies whereof B B is Horizontal, and pretty near plain. Q I

(ay, pretty near, becaufe it is always either Concave, or
Convex, more or left according tofeveral circumftances ^

to wit, the capacity and the nature of theVeflel EE, in

which it is contained ^ for if the Veflel befmall, and tliat

the Oyl hath a greater congruity with it than the Air,

the Superficies of the Oyl will be very much concavated
c(pccially towards the fides of the VeQel as at C C 5 but
if the Vellel beincongruous to Oyl, the Superficies will,

be Convex as at D D, the realbn of which I have long
Cnce explained in another place. ]

Let F F then in the third figure reprefcnt the Wick,,

which confiftsof a great number of very fine Cylinders or
hairs of Cotton ffftwifted and laid very clofc together,

into-, and between which the Oyl ( having a very great

congruity therewith) doth readily infinuate it felfand ad*
here, and is bv the preflure of the Air ( much greater

without than between thofe Cylinders or hairs)fbrced up
to a confiderable height between them, ( as to the height

ofan inch and half, or two Inches ') and if by any means
the Oyl betaken out at the top thereof, the remaining

part of the Oyl in the Vellel will a(cend to fiipply the va-

cancy of the part drawn oflf, which is evident in Filtra-

tion. About the fides of this Wick the Oyl will befure
toafcend, and the Superficies thereof will be concjiva-

ted as at G C, becaufe unlels there be a congruity be-

tween the Oyl and the Wick there will be noalcentof
the Oyl therein, and therefore that fubftance that the

Oyl doth not readily adhere to cannot be a fit material for

that puipofe.

Now
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Now to this Wick thus filled with Oyl apply the

flame of a Lamp or Candle, or any other fubftance ex-

tremely hot, as a glowing piece of Iron, Copper, or the

like, and by this means the parts ofthe Oyl in the Wick

will be very much heated , and expand thcmfclvcs in va-

pours into the contiguous Air by the fteams h h h h h,and

fill all the Ambient fpace of the Air HH therewith,

which vapours being very, much rarified, and confc-

qucntly lighter than theincompaffing Aif,are by the grea-

ter gravity and prefFure thereof carried upwards by the

Curve Lines h i k. Thefe at firft guih out of the Wick
at Right Angles, but by the protrufion of the Air arc

quickly turned into a kind of Parabolick Curve h i k

The motion of the Particles in which is fwifteft in kk,

that is to a certain degree of Altitude. The motion o£

afcent incrcafing fomewhat after the nature of the motion

of dcfcent in heavy bodies,! (ay fomewhat in that nature,

for if the amending bodies were uniformly lighter than

the Ambient they would be the fame, but becaufe the

rarefaction and nature ofthem is varied by Circumftances,

therefore it hath but part ofthat Analogy.

To proceed then with the Explication : I fay, thefe

fteams of the Oyl thus afcending, if they are heated

diflolved or burned by the Ambient Air , which diHolu-

tion hath this effed, firft, that it produceth light 3 next,

that it produceth heat enough to make the (ucceeding

parts of the fteams that rufti out of the Wick and follow

after it to befufficiently heated for diflblution by the Air,

the heat of which produceth the fame operation upon a

third, and that upon a fourth, and that upon a fifth, and

fo fucccflively fo long as there are fteams of Oyl to be

diflolved, and plenty of freflj and unfatiated Air to

diflblve. The aftion alfo of this diflblution cauleth heat

fufficicnt to raifc up the fiicceeding parts of the Oyl into

the Wick, and expand them into vapours, and fo to make

them fit to be further heated and diflolved. It is further

obfervablc in the flame of a Lamp, that thofe vapours

to a (ufticient

that
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that ifliicout of the Wick are by degrees diflfolvcd, and
not all in a moment, for the parts of the flame that are

lowermoU aboutH have a kind of faint blew light until

they come to I, where they feem to have their brighteft

ana cleared hght and heat,the faid vapours not being hea-

ted to that degree at their firft breaking out that they af-

terwards acquire by the farther adion of the Air upon
them.At I they feem to be in their higheft degree of diflb*-

lution, and from thence upwards are made one with the

diflblving Air, io that they are not but by other means
difcernablc to the eye of the obferver 5 fo that the Qiining

part of this Conical fhaped (pace of the flame is only the

outfide of the Cone, it being that part where the Ambient
Air preys upon the afcending eruptions oi the Oyl,

namely, where the Chain of Imall Circles intercept the

Curve lines of the motion of the afcendine eruptions.

This Figure and (hape of the flame and v.i pours may
be plainly feen by the help of a Metalline Concave
placed at a certain diftance and Pofition, and alfo by ob-
lerving the (badow of the Candle caft by the beams of
the Sun upon a (heet of white Paper, or white Wall, but

that way of a Concave Jpeculum is incomparably beyond
it, becaufc it doth fo very plainly fliew the form and

manner of the Reams riling above i i i i, as about

k k k k, &cc.

The Air after it hath performed the aftion of Diflb-

lution, and is fatiated and incorporated with the parts of

the Oyl at ii i, afcend by k k k, but fliine not. All the

fteams or eruption of the vapours of the Oyl out of the

Wick f ff (hine not between the Wick f fand i i, but

begin to be diflolved, and to (hine as they approach

thefrefti Air at ii, where the diflblutioniscompleated.

The upper parts of the flame fhine more than the

lower, the parts having been heated to a much greater

degree by the longer fpace of paflage they have had

through the hot Concave part or the tiamc, and contigu-

ous or very near to the glowing fides thereof at i i i.

AH the under parts of the Wick neither (hme nor

burn.
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burn, but are as it were charkd by the extremity ofthe

heat of the Conical Superficies of the flame, they are de-

fended from burning at the bottom by the frefli accefs of

iiew Oyl from the Veflel underneath^ and the middle

parts are defended from burning or (hining by reafbn the

Air cannot approach them before it be fatiatcd at the

Conical Superficies i i i by the diflblution of the fteams

x)f the Oylit there meeteth with. But the upper parts of

theWick doburn and (hine, if they be hi^h enough, into

thcfmaller part of the Cone of flame that the Air before

it be fatiated can reach at them. And if any part of the

"Wick fall into the [aid Conical and (hining Superficies of

the flamc,if doth bothfhineaad confume, and fuffersthc

lame diflolution into the Air as the fteams of theOyf,

and if any part of this Wick be without this Conical Su^

perficics at i i i, it is prefently confumed and reduced to

Aflies ^ as by many experiments differing ways made is

very plainly vifible.

This plainly gives the caufe why knots and Tophus^
do as it were grow to the Wick of the Lamp like fo many
Muftirooms on a rotten Tree, which as foon as they are

removed out of the middle and dead part of the flame

nre immediately conI«med by, and dillblvcd into the

Air, and ihmelikc a coal of fire, as being indeed nothing

clfc.

Hence wc maygiveia plainReafon why upon applying

any cool Superficies very low into the flame of a Lamp,

rhere is immediately condenfed upon it a great quantity

of ibot, namely, that the middle parts of the Cone of
flame, being nothing but a great number of oyly fteams

afccnding, are not rued nor confumed by the Air,tilhhey

can come to be wrought upon by the free and unfatiaied

Air. Now if the Air be fo intercepted that it cannot

come at them, and the fteams be cooled by the plates

coldnefs that the Air is not able to prey upon ordiffolve

tlitmfor want of a preparatory heat fumcient, they muft

remain in the form of burnt Oyl, or Lamp-black.

V J have.bccn fbaicwhat the longer and more panicular

in



in this delcription and explanation of my Theory of the

flame of a Lamp or Candle, that fo the Reader under-

ftanding the nature and caulcs thereof the more fully and
plainly, he may the cafier difcover the inconveniences

that may occur in the burning, heating, fliining, durati-

on, &c, thereof, and the (boner and more readily and
fcientifically find a cure and prevention of thofc inconve-

niences, which he that is ignorant of can but hood-
winked grope after, and at bcft can but hope polTibly

after long puzling himfelf in vain attempts and blind

trials, nothing to the purpole, he may at length ftumblc

upon that which had he been inlightned by the true The-
ory,he would have readily gone to at the firft glance.

I could have further expatiated into the contem-

plation of this moft admirable Phenomenon of flame,

producing heat and light, the two moft fpirituous

and moft potent Agents in Nature, and the ways of
Intending and Diminifhing them, and the ufes that may
be made of them, but that it is not my prefent defign

to annex a difcourfe on tho(e fubjc(^s, which doth
more properly belong to another Lc(!;hirc I (hall (hort-

ly publifli. I (hall therefore at prefcnt proceed only

to fhew fbme Mechanical contrivances for counter-

poifing Liquors in VclFels, (b as to keep them running

or fupplying a ftream always with equal fwiftnefs,what-

ever quantity there be of the (aid Fluid , which as they

are very convenient for perfedHng Lamps for divers ufes,

which they could not otherwife perform, fo in Hydrau-

lick they are or moft admirable benefit for divers

effeds, hardly to be performed without them, as I fhali

hereafter manifeft. But firft, I will explain fome few

ways by which more conveniences may be obtained, and
more inconveniences prevented in the ufe of Lamps for

Chymical, Mechanical, and Philofophical ufes than by
this way of Cardan^ or any other I have met with : For
this I look upon as one of the Tools to be madeu(e of
in the Work-hou(e or Elaboratory of Natiuc, without

a good Apparatus of which, be the Workman otherwife

C never
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never Co well accompliflicd, he will never bcabk to pro-

duce any very confiderable efFed 5 and with them, even

a Bungler otherwifc, will, if well furnifhed, do won-

ders to fuch as know not the means by which they arc

done.

It may poffibly fecra very ftrange to fome to hear,that

by the flame of a Lamp Plants may be made to grow,

.

bear Leaves, blow Flowers, ripen Seeds ^ that the Eggs

of Fowls and Infcfts may be hatched, and brought to ^

life and perfection , that Metals, even the hardeft, Glafi,

Stones, (^c. may be almoft in a moment melted, (oft-

ned, liquified, hardncd, &c. that thoufands of (cpara-

tionsof conjoyned and naturally united bodies may be
effcfted, and they referved diftind 5 and as many other

bodies, naturally diftinft, and very differing, may be
united and compounded into Homogeneous mixtures,

fome (carce feparable afterwards^ that Glaft may be
(kipcd and moulded like Wax ^ that almoft all the fen-

iible qualities ot bodies may be increafed, diminifhed,

annihilated, andcreated ^ and Come alfo of the qualities

infcnfible ( othcrwife than by the effefts^ ) and yet even
thefc, and many more, may be effeded by this Tool or
Inftrument, if rightly ufed, as I could manifeft if I had
now time. But I (hall not here any further expatiate on
it, poffibly I may hereafter but at prefent I (hall only
proceed to the defcription of one fort of thole In-

ftruments which ferve to fupply the Oyl or Paiuhm of
a Lamp conveniently by any degrees, ^and in what quan-
tity is defired. This (brt doth depend upon fome con-
trivance of Counterpoifes for the Liquor in the Re-
ceptacle that is to feed the Lamp, and may be made ufoof
in Hydralicks as well as Lamps to feed and continue any
running ftream any time defired.

Thcfe Counterpoifes then of Fluids might be made to

feed the flame of a Lamp equally for any time affigned,

and confequently would make a kind of Perpetua^Lamp,
but the Pabulum itfelf will be fome ways or other unapt
f9r/uch ai^ eifeft 5 as Oyl hatha foulnefs whereby the

Wick



Wick is choaked or (lopped, fb as that it will no longer

afcendinit^ Spirit of Wine will in length of time eva-*

porate and lofe much of its nature, and other Oy Is have
their feVeral defeds which make them uncapable ofcon-
tinuing the flame very long. But there are none of thefe

that I nave met with but may be in great meafiire avoided
by the help of (bme Chymical or Mechanical contri-

vances, fome inftances whereof I Oiall hereafter give,

'Which the Theory of Fire and FJame doth readily

hint.

The firft way then I (hall now defcribe is by a round
Box, the inward Cavity of which is divided by a Dia-
phragm into two equal parts, and (itted with a proper
Counterpoi(e, the Axis of who(e motion licth Horizon-
tally. The contrivance of which will be more plainly

imaerftood by the Delineation thereof in the firft place,

"where the (econd Figure repre(ents the whole Inftrumcnt,

"With its Globe, Frame, Pcdeftal, Socket, and lighted

Lamp.
A rcpre(cnts the Pcdeftal or foot upon which the In-

'ftrumentftands,which may be made ofSilver,Bra(s,Wood,
^or the like. B CD E F, the Frame fa(bicd to the Pedeftal,

and (haped in the form ofa Snake, perforated at Band D
to receive the Pivots or Gudgeons of the Lamp C H, and
hollow from E to F to (erve to convey the Oyl or Spirit

of Wine from the end of the hollow Gudgeon H to the

Wick I, to feed the Flame K 5 the hole at E to receive

*the end of the hollow Gudgeon^ H is made a little ta-

pering, and the end ofthe Gudgeon H is ground fit into

it, lb as toturnea(ily, and yet fo tme, as not to let any

Oyl there leak out, the faid Gudgeon being kept clo(e

home by the fpringing of the Arm B 5 the Superficies of
the Oyl or Spirit for the Pabulum is always kept by the

motion ofthe (aid Globe upon its AxisG H, exadlyinthe

Line L M, untill it be all confumcd, which how it is done
will be better conceived by (hewing the contrivance of
the infide of the aforefaid Globe, how the fame is divi-

ded, how filled, and how counterpoifcd.

C 2 Suppofc



Suppofe then the aforefaid Globe cut in fiinder by

the middle Line or Circle N O, and difcovering the la-

fide or Cavity thereof to be reprefented in the firft Fi-

gu re, where P A H FIZP reprefcntsthe aforelaid Circle,

or half (hell of the Globe ^ O reprefcnts the middle of

the hollow Gudgeon H, which is the Pole or Axis about

which the faid Globe doth move. HO Z reprefents the

Horizontal Line or Plain paffing through the aforefaid

Axis 5 P R the Perpendicular to that Plain. Let HZ then

reprefent a Diaphragm or Partition of the fame material

with the Globe, by which the Concavity thereof is divi-

ded into an upper Hemifphcre HP Z.O H, and into an

under Hemifphere H R Z O H. Let the under Hemi-

fphere be filled with Oyl, Spirit of* Wine,c^c. or the like

m material for a Lamp to burn and let the upper part

be filled with fome material of half the weight of the

Oyl, Spirit, or other material, or bccaufc that will be

fomewhat difficult to dOy let there be a counterpoife of
Lead or other ponderous matter fixed fomewhere in the

Line P O, (b that the (aid upper Hemifphere (hall have

half the gravity of the under Hemifphere upon the

Center of motion I (ay, whatever quantity of the

Fluid Pabulnm is in the Cavity of the (aid under He-
mifphere, the Superficies thereof (hall always be in the

Horizontal Line or Plain O Z, the counterpoifed upper

Hemifphere keeping it always up to that height. Fop

inftance, fuppofing the faid Hemifphere fuU^ there is no
doubt but that the under Hemifphere being double the

weight of the uppermoft will be lowermolr, and that

Horizontal Line will lie Horizontally, fince it is evident,

that the Center of gravity of the whole will be below

the Center of motion O, and fomewhere in the Line

O R, which is Perpendicular to the aforefaid Plain. Nexr^

fuppofe fo much of the aforefaid Liquid PabHlum con-

fumed as to leave enough only to fill the fpacc

CO Z B RC, and the Diaphragm be moved from its Ho-
rizontal Pofition H Z, and placed in the Oblique Pofi-

tion COD. I (ay, the faid upper Hemifphere

CHAPDOC
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G H A P D O C (hall exadly counterpojfe the faid under
Hcmifpherc C R.' B Z D O C, fo as the Superficies of Li-

quor (hall be in the Horizontal PlainO Z. Make A P
equaJ to P D, and draw the Line A O B through tlie

Center O, ic is manifeft then that the Wedge CO 1\. of
the Liquor doth counterpoifc the Wedge R O B on the

' other fide the Perpendicular, and that the Wedge POD'
of the upper Hemifpherc doth counterpoife the Wedge
P O A on the other fide of the Perpendicular, fo that

neither ofthele have any prepollency to move the Globe
out of this Pofture.

.
Next, it is plain that the Wedge

B O Z of the Liquor will be counterpoifed by the Wedge
A O C, which is double the bignefs of BO Z, and con-

(equently of equal weight, the parts of the upper Hc-
miiphere being put ofhalf the gravity or weight of the

under Hcmifpnere.

Next, fuppofehalfthe Oyl be confumed, and therebc

only left enough to fill the quadrantal Wedge Z O R,
Ifay, the Superficies thereof fiiall be in the Horizontal

Line O Z ^ for fince the upper Hemifphere is half the

weight of the under, the two quadrantal Wedges P O H
andH O R. muft neccflarily counterpoifc die quadrantal

Wedge ROZofthe Oyl.

Thirdly, Suppofe that more than half the (aid Oyl or

liquid Pabhlym be confumed, and that there be only left

enough to fill the Wedge B O Z, I (ay, the counterpoi-

fing upper Hemifphere now made the ujider, and placed

in the Pofition A H C R B O A fhall exaftlv counterpoifc

the (aid Wedge of Liquor, fo as that the Superficies

thereof (hall be in the Line OZj for the Wedge ROB
of the aforefaid upper Hemifphere doth countcrpoife

the Wedge C O R on the other fide of the Perpendicu-

lar, and the doubleWedge AO H andHOC will coun-

terpoifc the Wedge B O Z. '

Nor can the Superficies of the Liquor be any whit
higher or lower than the LineO Z, for if it be any whit
higher as at E the Liquor muft neccflarily overpoife

t^c afprefaid Wedge A OC,, by ;ill the' weight of the

Liquor

:
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Li<^uor contained in FGOZF. And if it be any

whit lower as at I K, the Wedge K I B muft be too

light for the counterpoifing Wedge A O C by the

weight of the Liquor contained in the (pace

2 O T K Z, fince I juft now (hewed that AO C did

juft counterpoife ZOB, which was the thing to be
proved.

Now though in this Inftanee I have chofen to explicate

I have made choice of a Globe, yet that form is not nc-

ceflary, but it may be made of any Figure whatfoevcr

that is turned upon an Axis or Poles, (o as wherelbever

the (aid Figure be cut by a Plain to which the Axis is Per-

pendicuhr, the Superficies of the (aid Figure (hall dc-

(cribc a Circle, the Center whereof is in the faid Axis,

whether the (aid Figure be a Cylinder Cone, or any
other Conoeidical, mixt, or otherwi(e, regular, or irre-

gular figure. Such as the Figures A B C D E F G, which
reprefent the Sedion of the (aid VelJcl through the
Axis.

The fecond way for the poyfing the Liquor, and
keeping the Superficies thereofalways to an equal height,

is this :

Make a Concave Receptacle for the Oyl or Liquor of
a Heraifphcrical, Semicylindrical, Semiconical, or of any
other half-round hollow Figure, where the turned Figure
is cut in two parts per Axw^ and whereof the Axis is

placed Horizontal, and the plain Sedion per Axin like-

wi(e Horizontally,ro as it may be filled with any Liquor
up to that Plain 5 and that the Liquor may not be apt to
da(h, be (hakcn, or filter over, it will be convenient to
extend the brims of that Receptacle (omewhat above
the halfRound, that there may be about half or three
quarters of an Inch of fpace above the Superficies of the
Oyl vacant orempty. And that upon whatever Plain the
foot (tand, the Plain per Axin may (land Horizontal, it

will be good to (ufpend the Receptacle in the (ame man-
ner as a Sea-nians Compa(s is (u(pended, within a frame

:

Fix



Fix this Receptacle, or the Frame that is to keep the
Receptacle, Horizontal upon a convenient Pedeihl^
and fit within the Hollow or Concavity of the Recepta-
cle a half-round folid poife, turned of the lame form
with the hollow of the Receptacle, and cut exadly
through the Axb in two equal parts. Let this folid

poiCc be made exactly half the weight of the Liquor that

is to be poiled, and fit to it two Pivots or Pins at each
end of the Axis, which may be exadly in the Poles of
the half-Round, and fit to thofe Pins make two holes in

the Centers of the Ends of the Concave Receptacle, in

which the Pins may freely move, and fufier the half-

Round poife to move round within the hollow of the

Receptacle, according as the Quantity of the Oyl or Li-

quor is increafcd or diminilhed. Fit to this Receptacle
a neck and focket fit for the Wick and flame of the

Lamp, and the fame operation will be performed by this

as by the firft contrivance ^ to wir,the Oyl will be kept al-

ways to the fame height in the Receptacle.

This will be ealier underftood by explaining a De-
(knation thereof which is fhadowed forth in the fourth

Figure : Where
AAA reprefentsaPcdeftal, which may be madewith

three claws or toes to make itlland the fteadier and even-

ner upon any Plain or Table.

B B rcprefent one of the Semicircular Arms that are

fix'd to the top of the Pedeftal, this hath two holes in it

at the ends or extremities, as at C is one, the other hole

being in the other arm which goes behind the Globe,

and therefore carmot be fcen, is fuppofed to be Diametric -

cally oppolite to this at C. Thefe two holes are the Cen-

ter holes in which two fmall Pins or Centers, faftnedinto

two oppofite points of the Hoop or Frame are made fit

to move, by which means the laid Hoop is preferved in

an horizontal Pofition.

D D is this Hoop or Frame, which is made toincom- -

pa(s theVelicl or Receptacle of the Oyl, and b (haped

exadtly like it. This is made ftrong enough of Bra(s,

Iron,
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Iron, Silver, or other material to bear the Receptacle,

Poife and Oyl without bending, and hath, as I (aid be-

fore, two Pins or Gudgeons at (J, and oppofite to it Di-

ametrically, or Semicircularly, upon which the laid

Hoop always hangeth Horizontally. It hath al(b on each

fide in the middle between the aforefaid Pivots, two
Centers as at F and E to receive the ends of the Axis of
the Receptacleappcaring at F andE, by which the (aid

Receptacle is always fireeto hang plumb or in its Perpen-
dicularity,fo as that the upper edge thereof at F F will al-

ways lie Horizontally.

One of ihele Pivots, namely, that on the Right hand
is the Pipe to convey theOyl to the Socket ofthe Lamp I,

in which is fitted a Wick of Cotton to lerve for the
flarae,RGG reprefents theVeflel or Receptacle ofOyl,
which is here defcribed Hemifpherical, that being the

raoftcapacious uniform Figure, but mayb^of any other,

qualified as thofe I mentioned in the firft contrivance.

The Brims of this are extended fomewhat higher than a
Semicircle, namely, toFF, to keep the Oyl fromflaOiing

or filtringover. This is always kept full with Oyl or
other Liquor to the Horizontal prick'dLine L L, which
pallcth through the Center or Axis of its Cavity by the
Counterpoife moved on the Center C.

H H H reprefents that Countcrpoiie which is madecx-
adfly half the weight of the Oyl or Liquor, and the Cen-
ter ofgravity of it muft be fomewhere in the Line MM,
and it ought to befitted as exadly into the hollow of the
Receptacle as it ispofliblc, that there maybe left as little

(pace as may be between its convex fides and the Con-
cave of the Receptacld, but yet" fo much muft be left

that it may movevery freely upon its Center C a whole
Semicircle. This done, and the Receptacle being fil-

led with Oyl, the lame effedt will follow as in thefirft

contrivance, and the Demonftration of it being much
thclame, I (hall not now fpend time to explain it. But
rather proceed to the defcription of a third way of
keeping the Liquor counterpoifed to the lame level.

The
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The fliird way then is :

\ Take any round Veflel, whofe Concavity and Con-
vexity is turned upon an Axis, and (ul'pend that Veflel

upon two finall Pivots C but yet big enough to bear the

(aid Veflci iilled with Oyl, S-c. ) faftned in the Poles of
that Axis y and leave or cut open a fixth part more or left

as you plea(e of the fide thereof, that thereby any thing

may be put into or taken out of the Cavity ofthe Veflel 5

then poifc the Veflel exadly on thole Centers, that no
fide be ficavier than die other , then fit into it a float of
Brafs, Silver, Tin, Lead, &c\ Convex on the under fide,

(bas jufl to fin to the Cavity of the Veflel. And on the

upper fide, Plain, or Convex, or any other cfPhvenient

Figure, it matters not much. Make this float as heavy as

you can at the bottom, and as light as may be at thetop,

but yet of fuch weight as may well float upon the top of

the Oyl, &c. Let one end of this be faftned by a wireor

ftring, fo as that end thereof may always touch that'

point of the Concave of the Veflel to which it is tied,

and that the reft thereof may turn and follow the fink-

ing of the Oyl ^ and through the end of it, near the place

where it is faftned, let a Pipe go thronr^h it to receive the

Wick, which Pipe hath no communicat ion witli the Ci-

vity of the hollow float. This done, fill the Veflel as full

as convenient with Oyl, and light the Wick, and you
(hall find that as the fire confumeth the Oyl, the Veflel

will turn upon its Poles and keep theSupeificics of the

Oyl always at the fame diftance from the flame that it was
put at at firft till the whole beconfumed.

This will be made more conceivable by a figure and

explanation thereof^ which therefore take as follows

in the fifth figure.

A C B B reprcfents a hollow Veflel, the Cavity where-

of isveryexaftly turned upon an Axis whofe Poles are in

P, the (pace between A and B in the fide thereof is left

open into the Cavity of it. This Velfcl is fufpended

D upon
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upon its Poles at P, fo as to be free to move round upon

them, and exadlly poifcd as no one fide thereof be hea-

vier than another. To the hollow of this Veflel is fitted

a float D of Brafs, Latton, Silver, Lead,e^r. whofe under-

fide is made of a Convexity juft fit for the Concavity of

the Veflcl, as may be fccn at K D I, and the upper ftraight

or Plain. Let this float be made fomewhat lighter than

the Oyl or Liquor on which it is to fwim, fo that a part

thereof may float above the Superficies thereof. Let one

end thereof E be faflned to the fide of the Veflel a little

below the Brim B ^ through the end of this float is put a

Pipe and Wick h, for the flame i, then pouring in Oyl

by the open fide A QB, fill the fame till it carry the float

up to touch the hollow of the Vcfld 5 then light the

Wick, alW you will find that the Lamp will confume the

Oyl, and this contrivance will continually fupply it till

the whole be confumcd, and the Poife be moved to

touch the Concave of the afbrefaid Veflel f for when the

Veflel is filled up to fg, the float D will touch at O and

E, and the Cavity above fg being empty, the Veflel will

be as is dcfcribed in the Figure, the open part A B being

upwards. And as the flame confijmcih the Oyl, the fide

of the Veflel B will defcend downward towards B I 5

and fo by B I, B 2, B to B 4, wlicre the whole quanti-

ty of Oyl will be confumed, and the bottom of the float

will touch the hollow fide of the Veflel 5 in all which

gradual wafting of the Oyl the Superficies thereofwill lie

at the famediftance below the upper fide of the float D
that it had at firft, and confequently at the fame diftance

from the bottom of the flame. The reafon of all which

v^illbe very eafie to beunderftood by any one thatftinll

ferioufly on this Delineation confider that tttc float D muft

neceflitate the Veflel A CB to move on its Axis B ac-

cording as its Oyl wafts,becau{e one end thereofE being

faftned to thebrim of the Veflel B, the other end O be-

ing loofe will as the Oyl wafts defcend towards N, whence
the end E muft hang heavier on the brim B, and confe-

quently muft move it down towards B, till the upper
ude
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fide fg of tl;e float be reduced to aParallclifmwith the
Superficies of the remairiing Oyl, and the end E have no
gravitation on the brim B, which motion will be continu-
ed as the Oyl wafts, and the brim B will be moved down-
wards by the {>oints B i, B 2, B 5, to B 4. I fhall not
therefore fpend any more time in the Geometrical demon-
ftration thereof, but proceed to explain a fourth way by
which the Flame and Superficies of the Oyl keep always

at the diftance they were firft put at.

The Fourth way then is, the making the Socket of the

Wick to fwim upon the top of the Oyl, fo that the

Socket may finkjas well as the Oyl, by realbn it is fuftai-

ned by that, and by that only. The Veflel or Receptacle

is generally made of Clafs, and it is beft of a Hemifphe-

rical Figure, the light cafting it Iclf through the body of
theOylas well asof theOlafs. This is fo plain and obvi-

ous, and fo commonly ufcd and pradtifed, that I need not

(pend more time in the explanation or demonftration

thereof^ but proceed to dcfcribe a Fifth way.

The Fifth way then is much upon the fame principle

with the Fourth, but avoids feveral inconveniences to

which that is fubjcd: For whereas the Flame in the

Fourth is neceffitated to be within the capacity or the

Receptacle in this Fifth, it may be at any diftance, and

fo is made much more convenient to be come at, and to

be drelied and trimmed. Take then a VeHel of Glaf% Cy-
lindrical is beft,as a Clafs Bottlc,and fit to it a Siphon,long

enough to draw the Oyl fiom the bottom of the faid Ve(-

fel, make the one end of this Siphon extend at what di-

ftanceyou think convenient for the placing the flame of
the Lamp, and fo order it that it may always draw from
the Receptacle by its arms to feed the flame, which it

will do if the end of the Siphon be made where the

Socket of the Lamp is placed to return or bend upwards

again. So that the Plain of the upper Superficies of the

Oyl inay cut that end of the Siphon where the flame i$

D 2 between
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between the top of the mouth of it next the Socket and

the return thereof upwards 5 then by a counterpoife fo

fufpend this Siphon that it may follow the Oyl as it waftsj

and fit into the return of the Siphon a Socket and Wick
fortheflame to be continued. A contrivance (bmewhat
of this kind you have in divers Authors, and therefore I

(hall'fpcnd Icfs time in the defcription thereof Let

A A A A in the Sixth Figure then reprefent a large Gyrii>

drical Viol of Glafs through the mouth B of which the

Cavity thereofmay he filled with Oyl, and al(b the end D
and float C of a convenient Siphon may be put in. This

Siphon D DD PG muft be made long enough that the

float C may reach tlie bottom of the VefleK when the

Oylis fpent, and the other end thereofmuft be fo curved

that the knee of the Siphon P may be below the Super-

ficies of the Oyl E F, and yet-that the Socket H niade for

holding the Wick for the name I may be foniewhat above
it, this Siphon D D D P G with its^ Socket and float

fliould befo counterpoifed withn weight M, hung over
a. Pulley K, byaftringL, that the float may not finkdeep
into the Surface of the Liquor, but fwim as-it were at

the top. This done, if the Wick I be lighted, the Surface

of the Oyl will be kept always at the (amediftance below
the flnme tFrat it was firft put at.

In the firft, third, fourth, and fifth ways the flame of
the Lamp dcfcends equal fpaces with the Superficies of
the Oyl in the Vcllel, and therefore though fi)r ibme ufes

it be very convenient, as in annealings, where things are

to be cooled by degrees, yet for many other it is riot 5

Efpecially in Lamp Furnaces, where the fame heat is to be
continued, and in (bme cafes gradually increa(ed. For
fuch cafes therefore the firft and (econd ways will be
very convenient. In fome other cafes the fixth and (cvemh

;

ways, which do much :thc fame thing.

The fixth way then is this : Through an arm or Siphon •

(like the Branch of a Lamp hung againfta Wall ) fixed

ift any convenient place, the Oyl from the Receptacle is ,

continually;
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continually and equally fupplied to the flame of the
Lamp by the railing of the Receptacle asfaft as the Oyl
wafts, lo as to keep the Superficies of the Oyl alway ia

the fame Horizontal Plain. The Receptacle is railed by a

Counterpoife hung upon a Fufey, which Fufey is a part<

of an Archimedean Spiral.

Let C C then in the fcventh Figure reprefcnt the Recep-
tacle for the Oyl, being a Cylindrical or Prifmatical

Vellel, of what Bignefs or Length you pleafe, to this

by two Ears at L L faften two Lines or Ropes K K, the

ends of both which are faftned to the Wheel or Pulley G,
though one of them do run over the Pulley F. Fit into

this Receptade is made a Cylindrical or Prifmatical

Plug A A, which is fixed in fome convenient place, fo as

not to rife or fink, and through the middle thereof paC-

feth a Siphon B BB, the one end whereof extended like

the branch of a Candle or Lamp (iaftains the Socket D
for the Flame E, which is fed with Oyl through the Si-,

phon B B B by the rifing Receptacle C C.

To the fide of ihe^ Pulley G is feftned a Fufey H,
made with very great care of one Revolution of an

Archimedean Spiral, not beginning from the Center, but

from fome convenient diftance from it, where the

weight I hanging, may juft counterpoife the Receptacle

G C, when qul.e empty ofOyl, the other hanging coun-

terpoife (Tangent tothclargcft part of this Spiral) muft

be fofar diftant from the Center of the Wheel G, that

the fame weight I may juft counterpoife the faid Re-
ceptacle filled top-full or Oyl, and the Fu(ey muft be

filed true to a Spiral, drawn with great care of one

Revolution between thofe two points. I fay here of

one Revolution, becaufe I have fuppofed the Wheel
or Pulley G big enough, by one Revolution of it to

draw up the Receptacle the whole fpace it is to be rai-

led 5 for if the faid Pulley be fo fmall as to require two,

,

three, four^ or more Revolutions^ then muft the piece •

of the Spiral between thofc points be- drawn of tw<

three, four, ormore devolutions proportionably, .wh



being very Artificially and Mechanically performed, the

Receptacle C C will be raifed by the lame Degrees by
which the Oyl is confumed at E, and the upper Super-

ficies thereof fliall always be in the fame Horizontal

Line MM. The Geometrical and Mechanical Reafon

of which being fo very plain, I hope I fliall not need to

fpendany more time in the explication thereof than only

to fay, that by means of the Archimedean Spiral-Fufey

the Power of the weight I upon the Pulley G decreafeth

in the fame proportion as the weight of the Oyl in the

Receptacle C C is diminilhed by its coniumption.

The feventh way then is, by a Cylindrical or Prifina-

tical Plug fitted into a Cylindrical or Prifinatical Re-
ceptacle, and let down into it by a Counterpoife, hung
upon a Spiral Fu(e}% the Oyl is fo raifed in that Recepta-

cle as always to ftand Brimfull, or to the fame Horizon-

tal height till the whole Oyl be confumed.

The contrivance of this way will be very eafily under-

ftood by any one that Qiall perufe the Delineation in the

eighth Figure, and examine it by this following defcri-

ption.

Let A A in the eighth Figure then reprefent a Cylin-

drical or Prilmatical Receptacle, ftanding fixt upon a

Table or Pedcftal, from the fide of which iflues a hol-

low Arm or Branch BB, bearing the Socket for the

WickC, where the flame Discontinued. Into the Ca-
vityof this Receptacle is fitted a Cylindrical or Prifraa-

tical Plug E E, big enough to fill the whole capacity

thereof, and yet not foclofe but that it may freely IJip up
and down the Cavity of the faid Receptacle without
finking. Let thisPlugbe madeconfiderably heavier than

the Oyl of the Receptacle 5 that is, let the Counter|>oilc

L, hangingupon the little Wheel M juft reduce its gra-

vity to DC equal to that of the Oyl ^ then let the point I,

where the Perpendicular toucheth the Spiral, be (b far

removed from the Center of the Wheel H,that thecoun-

tcrpoile



tcrpoile L may juO: tiike offits whole giavity, and ifiifFcr

it to have no degree of gravity or prefliirc downwards.
Then* draw the Spiral nop according to the direftion I

gave in the former way, and the effect will be produced.
The Geometrical aixi Mechanical Demonftration of
which isvcry plain to any one that (liall conlider,ihat,As

the Plug E E by fmking into the Receptacle A A fo fin-

as to raile the Oyl to the Horizontal Superficies M M
will lofe its gravity by the fame Degrees by- which it

iinketh into tlie Receptacle, and that is alway propor-

tionable to thediminiihing of the Oyl in the Receptacle

by the fiame ; So the weight L will lofe its power upon
the Wheel H,by the fame degrees by which the Plug de-

(cendeth, by reafon the Line by which it is fufpcndcd

becomes a Tangent to a proportionately Ihoiter Radius
jofthe Spiral, of the Rays of the Spiral.

I know indeed that both in this arkl the former Fufey

there lies an objedion againft the true form of the Spiral,

becaufe the Line K K of the weight L doth not touch the

Spiral in a point level with the Center, but in one fbme-

what above it, and in this latter fomewhat beneath iV^

but though that' be a feeming material one, yet a« to

•pradfceit fignifies very little. For firft, it will not be

difficult to prove that this may be Mechanically drawn
true enough,that there fliall be no ienfible error,and ifthe

errorbe not fenfible,it isnoerror in pradical Vlechanicks.

Next, were it the trueSpiral, yet it would not be more
Geometrically Delineated than this which is here requi-

'red, and at beft it would prove but a Mechanical ap-

proach, which is lufficient for the cffe(k to be produced

by it.

Thefe two laft contrivances do keep the flame of the

•Lamp always irtthe fame place, and of the fame flrength

'and fulnefs. But the fiicceeding ways, though they

maintain the flame in the fame degree of ftrength and
nouriftiment, yet by their motion upwards they may be

made to increafe, and intend the heat produced by them
in the bodies pofited above them, which is of great



ufe in many Chymical and Philofophical Experi-

ments.

The eighth way then is this : Make a Cylindrical or

Prifmatical Receptacle for the Oyl exadly .like the for-

mer, with its Arm, Socket, Wick, ^r. and fit into it a

Cylindrical <^r Prifmatical Phig, as in the former, that

may be able to fill the faid Receptacle. Fix this Plug faft

intofbme Wall or Standard, fo that it (hall not be able to

ftir 5 Then by the help of two Lines faftned to a Coun-
terpoifeat one end, and the other to the Ears of the Re-
ceptacle, fo counterpoifc the faid Receptacle that it (hall

have no weight or gravity downwards, but hang in a

-perfed equilibrium 5 I fay, whatever quantity or Oyl
there be in the (aid Vellcl, the Superficies thereof (hall

always be in the Plain which is equal to the top of the

Oyl when the Veflel is filled as high as isdefired, which
will very plainly appear to any one that (hall examine
and confider well this following defcription, and com-
pare it with the Delineation of the Inftrument in the

ninth Figure, where A A reprefcnts a Receptacle fortht

Oyl of any convenient capacity, made Cylindrical or

Prifmatical, to which is faAned a hollow Neck or Arm
B B for bearing the Socket C, to which through its Ca-
vity ( being made hollow ) is conveyed tlie Oyl or Pa-^

buliiM for the continuanceof the Flame D , into this Re-
ceptaclefit a Cylindrical or Prifmatical Plug, foasit may
pretty equally fill the laid Cavity of the Receptacle,

-yet notfo as any ways to hinder the Hiding on upon it of
die Receptacle. Let this Plug then be fixt by the top in,

any convenient place Perpendicularly, and letting the

Receptacle underneath it, Counterpoile the-lame when
filled up with Ovl by a Counterpoifc I, which is falVned

to the two ftrings F F F F, by which the Receptacle is

to hang, which two ftrings for their more eafie Hiding to

and fro move upon the two Pulleys or Truckles GG,
that are fixed to the fame frame to which the Plug EE
is fixed s which bc^ng fo adjufted, as faftas the flame D

• conlumcth die Oyl out of the Receptacle A A, the

Counter-



Counterpoifc I raifeth the (aid Receptacle on upon the

Plug fo for till the top of the Oyl- be equal to the height

it was at firft counterpoifcd at, to which height it always

keeps it till the whole be confumed.

Thislaft way of poifing the Liquor or Oy l doth make
the Superficies thereof run higher and higher as the

quantity thereof is more and more confumed, which

for divers Expedients in Mechanicks,Natural Philofophy,

and Chymiftry is of excellent uie, as I may hcrcafttr

have opportunity to manifeft upon many occafions

where I (hall make ufe ofthem, and it would be,I fear,too

tedious to the Reader to have them here enumerated.

Butbecaufcit may not poflibly be ungrateful to him

to have (bme ufes of this Principle here hinted, I (hall

now fpecifie a few, and hereafter add many more, toge-

ther with a great number of other Poifes for Liquors

which ferve for very differing effeds in their kinds,

not left confiderable, but rather fbmcwhat more Arrange,

as being yet farther removed firom the common pradices

and difcourfes ofHydraulicks.

The firft ufe then that I fhall mention ofthis Liquor-

poifc (hall be in Hydraulicks, viz. to make a Ciftern of
whatever bignefs and depth is required to deliver all

its water at the top, or fo near unto it as it (hall be de-

fired : By which means nothing of the Defcent of the

water falling into the Ciftern is loft, but without any la-

bour or trouble the whole quantity of water that is de-

livered at the top into the Ciftern is re-delivered again

out of the Ciftern at the top. Jhis may be done by the

firft, (econd, and (eventh ways of poifing Liquors 5 this,

that, or the other, of which may be more convenient

to this, that, or another effed or operation to be per-

formed by it, which muft be cho(en and applied with
judgment, according to the occafion, and the circum-

ftancesof it. Everv ofthe three, thoiighthey all agree

together in the producing the effcft of^keeping the Su-

fi pcrficies
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perficiesof the water to the lame Level, and there de-

livering it, have yet each of them their feveral proprie-

ties, which maketh fome one of the three more proper

smd- adapted to onedefign than eitherof the other two,

and each of the other two in fome other effeds and ap-

plications may be much more ufcfully apphed than the

firft. By this means the whole depth of the Ciftern is

gained, and all that water that was ufcd to be delivered

at jthe bottom is now delivered at the top, and con(e-

quently gains the advantage of the Perpendicular height

o^ the Ciftern to be imploycd, for any ufe, for turning an

Automaton, or conveying the Stream farther, or to a

higher level.

A (ccond efFed performablc by thefe Poifes may be

for delivering any quantity of water with an equal de-

gree of (wiftnefs, lo as to continue an equal fupply of .

water till the whole Ciftern or Receptacle be emptied,

the fpending of the water in the Ciftern not at all

abating the ftream without, the Counterpoife always

keeping the Ciftern full, and maintaining the current till

the Iqft. This may be ufeful for fawing or grinding

'ftonesby anEngme^ for gauging of Glafs Tools, or

griniling glaflcs by an Automaton, in all which cafei^

there is need of a conftant and equal fupply of water

and fand ^ as alfo for waftiing and Fulling of Cloth ^ it

inay alfo (crve for various forts of Clepiydras, or mea-

fiiring the quantity of time by the quantity of the cur-

rent of waterj as I ftuill by and by (hew. And thirdly,

for maintaining ^ny ilow and coaiftant motion, as that

of a Jack, or Clock 5 an Engine for continually ftixring

of a liquid body, or flialTing, tumbling, and turning of
dry Solids and powders, of which fort there are x
great number of ufcs in Chyraiftry for the operations of
Digeftion, Calcination, Pounding, Grinding, Trituration^

Sear*cing, and the like ^ which operations being certainly^

evenly, and conftantly performed by an Engine lupplied

by fuch a ftream of water will tui exceed the iame kiod

of



of work done by the hands of men, cTpedalty m fucli

operations where the Labour and Diligence is to lalt

divers days and ni|^ht$ together without any intermiffion,

which are Rcquilitcs not at all ftrange toChymiftry, and
'which will weaiy the diligence of thcbcft Laborant arid

his Attendants.

A third effeft pcrformable by thefe Poifcs is the ma-
king a perpcpalandconfbant ftrcamin imitation of that

of a natural Spring or Fountain in the Earth. Tliis maj
be done if the Cittern be once in twenty four hours re-

cruted and fupplied with a new acccfs of water fiocn

Ibrae Pipes, which is ufual enough here in LoridoSy and
chewhere, where there are Waterworks and Convey-
ances of water. For as the wafting of the water in the

Ciftem does no ways abate or diminifh the ftrcam of the

"Vrater from the Ciltcrn, fb the new accefs of other wa-
ter for a fupply to refill the Ciftern does not at all accele^

rate it, bnt the ftream remains equal. And hence, coQ-

fequently conftant, and, as it were, perpetual.

A fourth cffeft is, the delivering any quantity of wa*
tcrto any degree of fwiftnefs, and the whole quantity

of the water by the fame degree. This is performed by

tapping the Ciftern at any part of the depth thereof, for

accordmg as the Veflel is tapp'd lower under the Sui^

fece, fo will the motion of the water be fwiftcr^ and

here the depths muft be in a duplicate proportion to the

Velocity defired : Asforinftance, the Ciftern being tap^

ped with a hole of a quarter of an Inch boVe, at the

depth of an Inch below the Surface, is found to de-

liver a certain quantity of water in a minute ^ if it be

•deCired that ihipugh a Tap of the fame bore there (hould

be delivered twice that quantity, the Ciftern muft be
tapped at four Inches deep ^ and if thrice that quantit^r ift

the fame time, it muft be tapp'd at nine Inches deep ^ and

fb forwards, as is already demonftrated by McrjhtMfff^

and other Authors. For fince the prefTure of Fluids

upon the parts thereof increafc, in the fame proportion

E 2 with
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with the depth below the Surface. And fince the forces

requifite to accelerate motions muft always be in du-

plicate proportion to the Accelerations, it follows, that

the perpendicular depths of the Tap under the Super-

ficies of the water muft be always in duplicate proportion

to the Velocities required. ^
The plainnefs and certainty of this truth in Hydro-

ftaticks, long fince fo fully and excellently demonftrated

by Stivittus of all Fluids, and fo highly .improved of

late in the particular applications thereof by many more

modern Authors, who have writ moft learnedly and

clearly thereof, as well as experimentally and praftically^

make^ me much admire at the learned Doctor MarCy

who in his Ettchmdion Metaphyjicum, in the 1 1, 1 2, and

1 5 Chapters, and in a Book, newly publiftied, called.

Remarks upon two late in^ettiouf dijcourfes^ 8cc does not

only deny this Gravitation in the parts of Air, but of

Water, quickfilver, and other Liquors. Aod inftead

thereof, to fblve the Phenomena, would introduce into

the World a Principle, which he terms an Hjlarcbfc(

Spirit^ which at command 2/Ets and performs whatfocver i«.

neceflary to folve all the Phenomena of Mechanical, Hy*
droftatical,and,ina word,all Phyfical motionsand effeds.

In anfwer to whofe Dodrine about Hydroftaticks t

(hall only urge this one Experiment of the Velocity of
the current of Fluids, tapp'd and running at feveral

depths under the Superficies of that Fluid,which can no

ways be (blved by the Hylarchick Spirit, and we muft be

fain to cotoe to the Mechanical and plain Rules of moti-

on, and to allow every particular of that Fluid to preft

with itsown gravity where ever placed. And this I will

prove from his own words in his Ejichnidion Metaphy^

(icMm^ pag.113. where explaining very ingenioufly the

Hypothefis of Gravitation of the parts of Fluids one

upon another by the fimilitude of fix menftanding ina

Line, arid preffiag againft a Wall, (which men he marks

with A B CD E F, and the Wall with G) He fays, that

A the fiiil fsou cannot prefs F the laft againft the Wail



C, but by ipreffing B againft C, and C againft D, and D
a^ainftE, and Eagainlt F ^ nor can A prefsB againft

nor C prefs D againft E, nor E prefs F againft the Wall

G, but at the larac time it muft be underftood that B
prefles D towards F, and D prefles F towards the

Wall C,for A C and E/ays he,are here put for Des Cartes

Materia C(elejiffy preflTing the parts of the water within

the Dores, and B D and F for thofe parts of the water

prefling the bottom of the Veffel. But, fays he, that B
prefles D, and D*prefles F appears from this, thatcafting

out E and' F, D dodi run to the Wall G, and cafting out

C D E and F, B alfo will run to the faid Wall. And (b,

fays he, theftateof the matter would be if Gravity did

proceed from the mcer Mechanical motion imparted to

theTerreftrial parts of the Fluid by the Materia Mejik

ofDes Cartes, to wit,the Elements would aftually gravi-

tate in their proper places. But fincc there is no fuch

thing, it is a fure fign that Gravity doth arife from a

higher caufe, which higher caufe he elfewhere fuppofes

to be an Hylarchick Spirit. This from fo plain rcafoning.

baftrange Conclufion, and contrary to all experience.

Now though,! contefs, I fuppofe Gravity to be other-

wife performed than as Des Cartes has fuppofed, yet doi

I believe his Suppofitions fo Rational and Ingenious, and

fo muchabove theObjedions brought againft them, and

fo much better thanany other I have yet met with, as no.

wife todeferve JO be efteemed facU 4^Iiri^ as.thcjear-

nfdDoaorispleafedtotermthero^^.ia.S* \» •

It ftiall not be my bufinefs to defend Des Cartes Prin-s

ciples^t the prefent, nor to fct upaoy new Hypothe^

fis inftead thereof, but only to.urge this Experiment ot

the running of a Liquor fwi&er and ftvi&er, according,

as the hole through which it runs is deepep and deepcc

placed below the Surface of the faid Liquor, or Fluid^

and that the Velocities of thofe ftreams arc always- in

fubduple proportion to, the Altitude^f the Fluid abov^

thofe holes s
whence it is evident, that the.^rce that:

makes thjLt Fluid run is always in the fame propoiaoa
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'With xhc AltTttwie of the fluid parts above thofe holci 5

and confequcntlr, that the mmion of them is cxadlj

according to the plain and obvious Rules of Mechanical

motions. And confequemly for the folving all the Phe-

nomena of Hydroftaticks there is no necii of any other

Principles than the plain Mechanical Principles, which

fuppoicth every Teneftrial Body to have a Gravity init,

which is always the (ame, and always communicates its

Oravity to the TerrcfVrial Bodies fujjjeded under it,

and not only its own, but the Gravity of all other Bo-

dies above it, which have commuiiicated their Gravity

^oit, and that this Gravitation is always the fame, and

adcth continually by continual repetitions indefinitely

ivf 'iR. And that this gravitating or communicating of

its weight, together with the weight of all other Bodies

communicatecl toit, is no ways differing from all other

communications^ or propagations of motion, which the

Dodor muft confefs to be meerly Mechanical, if at Icafb

he will admit of any (uch thing as Mechanical motion.

For I cannot conceive any Reafon why the Dodor
flaoiild not allow for inftance the parts of a Cylinder of
Lead to prefs upon one another as much when they are

l^ept melted in an Iron Cylinder into a Cylindrical form
part over part as when the Lead is cold and divided

into (everal parts, and laid one over another in the

ftme form that they wer< kept in by the incompafiing

Iron Cylinder. Since if tl^e Iron Cylinder and melted

Lead, and the Iron Cylinder and cold Lead be weighed,
it will be found that they have both the fame weight

Or gravity downwards, and do communicate cqntinu-

ally the fame forcejprefiure,iadeavour, impetus, flrength,

gravity, powef^ motion, or whatever elfe you. will

^1 it to tfie Scale. And I fuf pole the Dodor will grant,

tmt if the cbld Cylinder of Le'ad, weighing ten pounds^
be divided into ten (hotter Cylinders, that arc. each si

tenth part of the whole, and do each weigh a pound
ilofte,^evei7'ohe of the tippor (hall gravitate upoa every

6Ae ofthe k)Wer j and that .the tenth, with the aiker nine

upoH



upon it, (hall prefs the Scale with ten pound weight,

andcoiiiequently, that the tenth doth not only commu-
nicate its own gravity of one pound, but the grarity of:

all the other nine above it, which is nine pounds , and,

if the tenth be taken away, and the ninth be put to

touch the Scale, with the other eight upon it, iris certain

that the ninth will not only communicate its motion, or
prefs the Scale with its own weight of a pound, but will

commimicate the niiotion to, or prefs the Scale with the

weight •£ eight pounds more, or of all the ci^ht Cy-
linders fuperincumbent, and the like Ratiocination may
be upon the eighth, fcventh, fixth, fifth, fourth,«and
fecond, but the laft will only prefs the Scale with itsown

.

weight, unklswetakeinthe confideration ofthe weight
of the Air, which in this Ratiocination is not neceP-

lary. Since then I think it cannot be denied but that the

whole ten (landing in a Cylinder one over another, the

tenth is prefled 'by nine, and preflcs with ten pound
weight; the ninth prelles with nine, and is prefled with
eight 5 the eighth is prefled with fcven, and prcfles with
eight, and fo onwards, and that the prefTure of the

Ipweft downward is always proportionable to the height

of this Cyhnder. Suppollngthcle to be all melted in an
Iron Cylinder, but kept in the lame pofitvon and fitua-i-

tion, and finding the whole to keep the fame weight,,

why (hould we not believe that each of thofe parts will

exert the fame effeds, as to gravity, on thofe be-

neath it as the fame parts cold, and in the fame pofiure

did y fincc if the Cylinder of the Fluid be fhortncd b^^

I, 2, 3, or 4, tenths of its height, the fame abatement of

weight or gravity will appear. Having ferioully pcrufcd

all the Ratiocination that the DoAor hath produced,

both in this lateB'ook, and in YixsEnchiriclion Metaphyji--

cum^ I cannot find any convincing reafon againft it, b\it

\J^hat feeras grounded upon (bme pre-conceived Notions

and Hypothefcs which I cannot underftand , and I can-

pot fee how he can avoid acknowledging this to be a
Mechanical motion, if at leaft he will albw any Me-

ehanicall



chanical motion at all, lincc it doth fo perfeftly, and in

all circumfiances foexadily conform and agree with the

Laws of Mechanical motion, that I do not know any

difference, nor any one Phenomenon of Hydroftaticks or

Gravity but what may be clearly folvcd by the common
Rules of Mechanicks.

But to pals by all other Mediums to prove this Gra-

vitation or preflure of the parts of Fluids one upon
another, I (nail only infift upon this one Experiment of
the Velocity of Fluids, vented or running af (everal

depths below the Superficies of that Fluid. In which it

is observable, that the quantity of water running with-

in a certain fpace oftime is always in a Subduple propor-

tion to the height of the preffing Fluid above theholei.

That is, the quantities of water arc in proportion to

one another as the (quare Roots of the (everal Alti-

tudes. As for inftance, it is the obfervation of Merfenrtuf

in his Hydraulicks, that a Tap of an Inch bore, four

foot unaer the Superficies of the water will yield a

pound or pint of water in 1 3 Seconds of time 5 now, if

it be defired to make th^water run through a Tap ofthe
(ame bore twice as faft, that is, to yeild a quart or two
pounds of water. This new Altitude muft be made to

the former Altitude, as the fquare of two tothelquare

ofone, that is, as four to one 5 whence it will follow, that

the Altitude of the water above the Tap muft be made
fixtecn foot to make the Tap run a quart of water in 1

9

Seconds oftime. And if it be defired to have the Tap runa
Galk)n or eight pints in 1 9 Seconds, the proportion of
the new Altitude to the firft muft be as the (quare of
eight to the fquare of one, that is, as 64 to r, whence

* the Altitude of the water muftbe 256 foot, and the like

for any other quantity or Velocity defired. As if it be
defired that the Tap (hould only ri\p half a pint in 1

5

Seconds, the Tap muft be placed at one foot under the

Superficies, which is a quarter of the former Alti-

tude. Now this is exa»Itly accordii^ to the General

Rule of Mechanicks. Which is, that the proportion of
the
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the ftrength or power of moving any Body is always
in a duplicate proportion of the Velocity it receives

from it 5 that is, if any Bodv whatfoever be moved
with one degree of Velocity, oy a determinate quantity

of ftrength, that body will require four times that

ftrength to be moved twice as fa ft, and nine times the

ftrength to be moved thrice as faft, and fixteen times the
ftrength to be moved four times as faft, and fo forwards.

This IS moft certainly true in the motion of Bullets fliot

out of Cannons, Muskets, Piftols, Wind-guns, Crofs-

bows, Spitting-Trunks, and the like ^ as likcwife in the

motion of Arrows ftiot with Bows or BalUftx^ ofStones
thrown by the hand, or with Slings 5 of Pendulums mo-
ved by Gravity or Weights 5 of Mufical Strings^ of
Springs, and all other vibrating Bodies 5 of the motion
of Wheels, Flies, d^c, drawn and turned by Weights
or Springs 5 of the motion of Perpendicularly or Ob-
liquely falling Bodies j and in a word, of all other Me-
chanical and Local motions, allowance only being made
for the impediment of the Air or other Fluid Medium,
through which the Body is moved. Now if the

Dodtor will contend for an Hylarchick Spirit to perform

allthefe, he may plaufibly enough contend for it alfo in

the Experiment of the Gravitation of the parts ofFluids
one upon another.

We (ee then how needlefs it is to haverecourfc to an
Hylarchick Spirit to perform all thofe things which arc

plainly and clearly performed by the common andknown
Rules of Mechanicks, ^ htch are eafily to be underftood

and imagined, and are moft obvious and clear to fenfe,

and do not peq^lex our minds with unintelligible Idea's

of things, which do no ways tend to knowledge and
praftice, but^nd in amazement andconfufion.

For (uppoftng the Dodor had proved there were (ycH

an Hylarchick Spirit, what were we thp better or the

wifer unlefs we alfo know how to rule and govern this

Spirit? Andthat we could, hke Conjurers, command jhis

Spirit, and fet .it at work lipon whatever WC had occa-

. F fion
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fion for k to do. If it were a Spirit that Regulated the

motion of the water in its running fafter or (lower, I am
yet to learn by what Charm or Incantation I (hould be

able to incite tnc Spirit to be left or more adive, infuch

proportion as I had occafion f6r,and defired 5 how (hould

I fignifie to it that I had occafion for a current of water

that (hould run eight Gallons in a minute through a hoie

of an Inch bore > If the Dodtor (hould tell me, that I muft

make the Tap at fuch a depth under the Superficies of
the water, and then thcHylarchick Spirit will make the

water run as I defire, I would then inquire how he

comes to call that an Hylarchick, or matter-governing

Spirit, which is rather commanded by matter, and fub-

Jefted to it$ Laws, and is nece(ritated to ad cxadly ac-

cording to the quantity and po(ition of matter, by what
means (bever it be fo placed ? This Principle therefore

at beft tends to nothing but the difcouraging Induftry

from fearching intos, and findmg out the true caufcs of
the Phenomena of Nature : And incourages Ignorance

and Supcr(lition by perfwadii^ nothing more can be
knowD, and that the Spirit will do what it pleafes. For
if all things be done by an Hylarchick Spirit, that i»^ t

know not what, and to be found I know not when or

^ where, and a(fts all things I know not how, what fhou!<£

thouId I trouble my felf to enquire into that which is^

ficver lobe underftood, and is beyond the reach of my
faculties to comprehend ? Whereas on the other fide,

if I underftand or am: informed, that ihefe Phenomena^
<lo proceed from the quantity of mattes and motion, and
that the regulating and ordering of them iscfcarly wich^
io the power and reach of owns Induftry and InrcnrioD^
thave incouragement to be ftirring and adire in this in*-

quiry and {cruciny, as where 1 Imvc to do with matter^

and motion that %ii under the reach of oiy fimles, and
have no need of fuch Ranficd Notions as do cxdcod
teiiginatioQ and the plaia dedu^ous of Rcaibas there-

I0£ wiur ift ckarcs to be ftica and tried by Etperi-^.

menr^.
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ment, and what more eafie to be imagined and under-*

ftood than that a Cylinder of water, or any other Ho-
mogeneous fubftance of twice the height (hould have
twice the gravity or preliure : ofthrice the heiglit, thrice

the preOure : often times the height, ten times the pref-

fure: of loo times the height, icq times the prcHore,

and confcquently, to imagine that as in all other Mcchani*

cal motion, four times the prefl'urc will double the Velo-

city, ninctimcsthepreflurc will treble it, fixtccn timet

will quadruple it, and loo times wiil decuple it, and fb

tcxrward^ So in this Experiment the fame prelfure will

perform the fame effed, and a proportionate preflure a

proportionate cffed. And fince we find that the efFe^

does moft cxa^ly anfwer the Theory ( as moft certainly,

evidently, and undeniably it doth) why fhould wo
doubtof thccaufe which is fo certain and R^eaular a Con-
comitai^, that it is always prefent when the effcd i»

performed } And where ever it is prefent, (" if other

Circumftances hinder not ) the effeft certainly follows.

I could have gone over all the other Ratiocinations of
the Doftor for an Hylarchick Spirit to perform the

effects which do clearly belong to Mechanical motions

and powers, and arc performed and regulated exadly

according to the quantity and quality of matter, and ac-

cording to the general and univerfal Laws of motion,

and not otherwife. But that is not my prefent bufineft,

but rather to explain how this contrivance of Poifes

doth fcrve to make a Ciftern or Veflcl to run any quan-

tity of waterrequired in any fpace of time. And that to

run the whole quantity cither with an equal Velocity of

ftream,. or by any defired degrees to be accelerated of

retarded from the beginning to the end, which for forac

occsSioBS in Meehanicks is of greae ufe, and hath not

been cxphined by any Writer of Hydraulicks hi-

tberta
1 (hould have here left this Wgreffion, but thatTfimf

a. little further in the aforcfaid Do(^ors Enchiridion, t<f

wi^? in the nineteenth Chapter,in the fifth, (ixthj fevcnth^

F 3 and
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and eighth Scaions, continued from the 24^. to the 3^6;

Pace, romeAninwdvcrfions upon an Explication of Co-

lours' which 1 did formerly publilh in my Micrographia^

from the confutation of which he endeavours to aflert

this HyUrchickSpifiU But in this he doth Canerc trium-

phumafjte'vf&oriam, andfcems to make very flightofthat

which he neither hath hitherto by all hehathfaid in his-

Emhiridion Metaphjficum, nor can by all other Argu-

ments he can produce anfwer. For if the Dodtor had

plcafcd to have confidered the Objeaions I made againft

the Hypothcfisof the Rotation of the Carteftan Glohu!f^

with a little more (erioufncfs and deliberation, he would

not, I conceive, have believed that one that underftood

the Objedionwould be fatisficd with fo flight and infig-

nificant anfwers, as he is pleafcd to make to them. His

Anfwer then to the firft Objeftion which I brought-

againft this Hypothcfis, which was raifed from Experi-

mentsmade with thin plited' bodies, producing colours,

though the refradting Superficies were parallel, is no

more but this: That it is not every fecond RefraftionoF

the Ray in a Parallelipiped that doth deftroy the Rota-

tion generated by the firft, but only that which entring

at one fide, paileth through, and gocth out again with

the fame refraction it entered. In which cafe only, (ays

he, the Rotation, of the Globulin generated in the firft

Superficies, is deftroyed in the fecond. But, (ays he, a

Ray faUing upon a Parallelipiped, and being rcflefted

from the fecond Superficies, differs a double Refradion

in the fame Superficies, the one at entring, and the other

at going out again ^ both which Refractions, (ays he, do
promote the Rotation of the Globuli the (amc way.

This he fiys very pofitively, but gives no reafon for it.

Nor indeed could he, firicc it is cxprefly contrary to

Dt^s Cartes Principles, and ra all the Phenoraaia of fach

Parallel fided bodies until they come to a certain degree

of thinnefs : For if his Affirmation were true, then muft

:^\\ Reticiftions from the Quickfilver, or foil ofLooking-

ghilcj}, efpecjally if a little oblique, make the Ob)ed

A>»iF t H fpread.
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fpread, and become coloured in thefamc manner as Ob*
jfci^sdo which arc Ipok'd at through Prifriics. Butvthis
is contrary both to Experience, andthcLaws of Rcfledli-
on ^ for the Refradtions in the-Parallelipiped B are the
very fame with the Refwdlions in the Parallehpiped A
the Reflcdion atD making the Ray to be re^i*aaed at f'
in the fame manner as if it were refrafted at C by G h'
and the Fatal lelipiped were twice as thick, and confe-
quently the colour generated in E muft be deftroyed in
F, and confequently produce no colours, as really it doth
not in plates beyond (iich a thicknefs ^ whereas if the.

Refraction at F did promote tlie Rotation, as he affirm^,

then muft the rcHcdcd Superngies I K not be Parallel to
E F, but inclined to it with an Angle at L M. Then GN
would reprefcnt F O, which is, impoffible, and con-
trary to th^ Laws of all reflexion, as he might have
uodcr^lood if he had confidered . my Demonflration
about the Refledlions of a Globe. Nor will thcDoftors,
adding, Scd de fm prima, obje&ione non ejl quodjumusadeo
foliciti^ ami fit in materia, magk inccrta ac i?jeqnali chjhs

interna contcxtnra videatur Globulornm motus varijs modif.

fojfe mutari. For (ince all tranlparcnt bodies what/bever.

produce the fame effed, that Subterfuge of fuppofing

?bme ffrange invifiblc. texture, in the body of Mufcovy
Glafs, differing from that of other tranfparent bodies,

will prove but% lame help, for this interna sontexlurd

muft be common to all tranfparent Bodies. And why it

(hould do it at one timcj and not at another, the Dodor
doth no where fhew, nor fccms to undcrftand.

Next, whereas in the fevcnth Section of the (aid nine-

teenth Chapter he. (ays, Venim in materia iUa. idonea

Ghtta fcilicet Phtvia^Ji nuUits Demonjhrationk Scopofibfit

error^aUum eji de Giohulk CartcjUnk. Sed videtur ({ays

he ) ingeniofif demonfirator non Jatk intcl/exijfc fcopnm

(jua colljnmare debeat.ipfiuf Demonjiratio. To which I an-

fwer, that I perceive by the Learned Dodors endea-

vours to refute it, that he neither underftood that,

nor the Lcvws- of>Rqf}eai9ft aad Refraftion according

to
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to Der C^tes Hypothcfis. Neque emmfath erat frebaw

(^(fHod agfJofco cumfecijfe fiite& eleganter ) RefraStimes in

gutta ph(vi<f itaftri^ ut ji in duobtfs pellucidi ParaikiipipiS

LaterilfH^ oppofitk^ faB£ ejjentyjed cfortehat praterea evi^

eijje qHod eodem modo rejriffgafhr radius in utrifqM LocM

quo ift ParaUcliprpcdo A rcfringftHr^hsc efi §($ Radr4H B C
qnjmvis ohlrque^ perpetuo tamen cMtrat ve^fus candtm

iremitatem tarn in F qnam in D ParaHepipedi A puta verftH

txtremitatem E, nam in hoc cajn Rotatf^ ad D dr£$lvHur

itcrum ad F nt fnpra di^UHk eji Jed Dem^f/Jiratt^ Inge-

ftiofi Micrographihue non attiffgit ^ Jed probat jecHndamre-

fraSionemin oppoftto Latere fieri admid$tm refra&ifiMk m
Paral/elipjfcdo C nhi Radius B N ^mo pefrwgifur iu

C^* pro{Vtrens verfus cxtremitattm E ihiqne infkxus fergft

pojtea verfuf alteram extremitatem G RcJr/ngUtfr in F,

qnx refraSio non drluit Rotatiomm priorfs refi alliir/k in D»
qttippt (ptod tcndentia. Radii (tP in partem ^pofftarn. If

the Learned Doctor had better confultcd Des Cartts

Do^nxiCy or the common Laws of Refiedion and Re-
ff^dion, he would have been of quite another mind, and

would not fb pofitively have aflerted a Propofition (b

pofitively contrary to the Principles of Des Cartes^ and
all Experiments. For if what he affirms were (b, then

^as I ui^gcd before) according to Des Cartes Doiftrine,

and the I>>drinc hp woiijd defend, the Image from a
Looking-glafs rourt be returned coloured, and the fame

alfo from a plain fidtd Prifme, where the refradhng fides

arc Perpenaicular or equally inclined, but contrary ways
to the Refleding Superficies. But this is contrary to

Experiment, he muft therefore once again confidcr how
to find out a Reafbn why there ia no colour generated,

where,accordin2 to his Allcrtion, there is fbereat are-

fradion, and a ooubfy promoted Rotation ma<& in both
the rcfrad^ing Superficies the fame way, and both fb

much promoting thefaid Rotation of the GlobuJr. He
might therefore, if he had pleafed, have fufpended his

Condufion. Adea nt Do^rind Carteffana de Globulis ep*

rurnqne Rotationibut nihil ptrrtlitetHr ab- hac Dem^nfiti^
tiottc
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t'jonc qu£ qnamvk fatk eUgans fit concinna^ debittwt ta»

men fcopHm fton ortwitio attir/git^ until he had a little fiir-

ther confidcred the nature of Rcflcdion and Refradion.

Now, bccaufe I find that the Learned Dodor is not the
only pcrfbn that hath not rightly apprehended this

Theory, give me leave to explain a little more particu-

larly the manner thereof : Suppofe we then in the three

Figures D E and F, that the fpace between the two
Parallel Lines a c and b d doth rcprefent a Ray or Radia-
tion of lights Not a Mathematical Line, but a Phyfical

one of (bme Latitude, between which Lines is propa*
gated a motion, or fomcthing equivalent thereunto,

which (erves to produce the efFcd of l ight. Thii motion
we fuppofe to be propagated by a Pulfe or Wave in all

uncoloured Rays at Right Angles with the Line of Di-
redion, but in coloured Rays more or left obliquely ac-

cording to the greater or left refradion. We will fup-

pofe the ftroke of the Pulfe to be the length of the fpace

between i and 2, or 2 and 9, org and4,€^r. and con-

(cquently, in a uniform medium the pulfe will continue

the fame, and the expanfion of it will be Perpendicular

to the Line of Direction or progrcfs but when it corned

tothe Rcfrafting Superficies c d, Obliquely the fide of.

the Pullc c touches the refrading Superficies firft,ancl be-

ing propagated into the refra^ling medium by a longer

and quicker Pulfe, it is propagated to 4 below c before .

the other fidcof the Pulfe touches the Superficies at d,*^.

the Pulfe therefore 4 4, 5 5, 6 6, d>c, becomes Obliqud

to the tendency of the Radiation ^ and by the Superfi-

cies e fit isrefleded by 7 7, 7 7, 7 7i till it touches the

lecond refradting Superficies g h ^ where it is obfcrvable^
.

that the (ame fide ot the Ray that cntred firft the Super-

ficies c d enters fiift into the Superficies gh, in the (amd

rtwnner as ifit had proceeded on by the Itraight Lines fih

till it met with a Parallel Superficies Im to the firft

<Jd^ for the Ray between the two Parallel Lines f h, e gi .

hath the &me inclination and rcfpei^i to the Refiadtine

Sofierficia^g, that the Ray bciWccnJmand cl would
have
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hnve to the Superficies m I, fuppofihg thefe were ftoKc^

'flc^ling Superficies at c f. 1 Qiall not need,' I hope, mortf

particularly to dcmonftrate every part of this Explana-

tion, the very obferving the Delineation oftheScheine

being enough to make it plain to any one never io little

vcrfcd in Geometry, from which he will plainly per-

ceive that -what I endeavour to demonftrate was really

fo, and that I did underftand what fcope my De-'

monftration aimed at, fo far as to hit the Mark, which

was to (hew that Colours were generated, whc^-e, ac-

cording to Dc/C^r/ej own Principles, there could be no'

Rotation of the Globuli. Now, though the Learned

Dodtor would not admit of this Demonftration to be

fufficient to do the work, yet he fays, Pag.i^i, VerHtt-

iamen dHjwmlarjdum non cji, non pastca mc mcafU opera

excogitajje quibus pro perfiiafijfimo habeo eorum fjwtm

rotatiottts modis pnrcmcchAnkk fcMper fieri tiot? pojjc. And
in profecution of the deftrudion of this Rotation of the

Globuli, which he hath hitherto (cemed to defend, he
adds four (everal Arguments, I (hall not now ftay to re-

peat them. But whoibcver will pleafe to read what the

Learned Dodlor hath [uApU opera excogitated againft the

C4;7ej/<i// Hypothcfis, and fet down in the 252, 259, 254^
and 255. pages. And compare them with what I have
(aid in the forementioned place, to wit, at the latter end
of the 60. and the beginning of the 61. pages of my
Micrographia, may plainly find the Arguments brought
by the Doftor do very little, if at all, differ fi:om thofe

I there publilhed.

I could heartily therefore have wiQied that the Lear-

ned Dodtor had made u(e of fome other Mediums to
prove the Exigence of an Hylarchick Spirit, and not
have medled with Arguments drawn either from Me-
chanicks or Opticks 5 for I doubt, that liich as underftand

thofe fubjedb well, will plainly fee that there is no need
of any fuch Hylarchick Spirit, and if there be no need
of it, but that all the Phenomena may be done with-

outity then it is probable that there is none there, for

Natftra
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Mdm^ ftihil apt frkfira. It had been much caGer to have

proved the exiftence of it by Arguments drawn from fub-

jedts we Icfs perfed^ly underftana, as from the generati-

on, nutrition, vegetation, and propagating ofVegetables,

and animal fubftanccs^ for there the manner ofthe progrcft

ofNature being infinitely more curious andabftrufc, and

further removed beyond the reach of our fenfcs and un-

derftandings, one may more boldly allcrt ftrange things

of this Hylarchick Spirit without fear of controul or

contradiction, and from whence poflibly it may never lie

within the power of Reafoning to banifti him.

But to leave this Digreffion, and return totheufeof

thefe water-poifcs.

A fifth effed may be for waQiing and refining of

Earth, Clays, Powders, and the like 5 the clear water by
thefe contrivances being made to run over gently at the

top, and fo leaving all the fettlement from the water at

the bottom.

By any one of thefe, with a receptacle Ciftcrn added
to it, the ftream of water from that Ciftem may be acce-
lerated or retarded by any degrees defirablc.This doth de-
pend partly from the proporti^.oftheTap ofthe Recep-
tacle Ciftem tothc Tap of thecounterpoifcd Ciftcrn, and
partly from the fliape and make of the Receptacle Ciftem,

by the proportion and ftiape of which the ftream oPL;-

quor through the Tap ofthe Receptacle Ciftem may be
modulated at pleaftire, as any one, a little verfcd in Hy-
droftaticks, wiileafily perceive and dcraonftrate.

A fixth effed mayt)e for governing the heat of Lamps
for Diftillations, Digeftions, Fermentations, Putrefaifti-

ons, Dillblutions, hatching the Eggs of Birds or Infefts 5

accelerating, and («R(bning, or timing the growth of

Plants 5 nealing of Claftesand Metals by the gradual ac-

-ccfs of the heat, fo as to make them fit for ftronger

G degree?.
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degrees, or by the gradual recefsto bring them out of the
greater degrees to make them tough and capable to re-

ceive the cold of the Au:.

It would be too long to give inftances of contrivances

for every of thefe operations but the skilful Mechanift",

Philofophcr or Chymift will eafily (upply his own defires

by fome one of thefe I have inftanced in, or at Icaft by a

compofition of them. 1 (hall therefore only add a defcri-

ptionof a Clepfydra or time-keeper ortwo,and fo leave

this fubjedfc for the prefent.

A defcnption of a new fort of Clepfydra.

THis contrivance is nothing elfe than that Two ofthe
fccond fort of VeiTels are fo contrived as to run

into each other and to empty themfelvcs and be filled al-

ternately, and their bignefs or capacity and the hole

through which the Liquor is vented are fo proporti-

oned as to be emptying the fpace of an hour, which is

eafie enough, and may beadjufted to what accuratenels

is defired. Then the convex Superficies of the Cylin-

drical poife is divided ymo fixty equal parts by ftraight

Lines drawn upon its Surface Parallel to the Axis, and to
each other , thefe lines by the finking or turning of the
iaid poife denote the minutes, and if fiualler Divifions

of time be defired, the fpaces between them may be di-

videdby other fmaller Parallel Lines denoting the parts

of each minute to what nicencls is defired. One of thefo

Cylindrical Receptacles may be fixt, and the other by an
cafie apparatus may be made to rife a little when it is top-
full, and fall a little when quite empty below the Level
of the other that is fixt: The Chanel between them,
through which the water is to run omt of the one into the
other, may be a Imall pipe with a hole in it of a bignc(s

proportioned, as I faid above, to lettlie Liquor runout
of
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of one into the other in the time defired, and its ends
may be faftned to the two Receptacles by a pan of the

neck of a bladder or gut, fo that it may be limber, and
mayalwayshaveaDeclivity into the Velfel that is to be
filled 5 the Declivity need not be above half an Incht

The Liquor ufed in k may be Water, Oyl, or any other

Liquor that doth not eafily evaporate : But the beft of
all is Quickfilver, becaufe it doth not with keeping eva*-

porate at all fenfibly, which I have carefully oblcrvcd

for thele fifteen years laftpaft. Nor doth it grow thick

or foul by the alteration of the Air, nor do I find it fen-

fibly alterby the heat and cold, at left not comparable to

the great changes which other Liquors fuffcr by the alte-

rations of thole qualities. It is an excellent material for

mcafuring time in a ftanding Machine^ and there may be
hundred of ways contrived to make itmeafurethe (pace

thereof as accurately as a Pendulum 5 and I have many
t'mies admired that Tycho Brahe^ who was otherwife ib

curious and exad in the contrivance and make of his En-
gines and Inftruments, was yet fo defedive in his con^

trivanccs of meafuring time by Quickfilver,when there

were lb many obvious and eane ways of doini; it, as he

fecms to complain in his works. I have maSe trial of
fcveral with ver}' good fuccefs, and found fome of them

even beyond expcdation certain, of which I may here**

after upon an other ocgafion add the defcriptions, when
Ipublifli the various ways ofmaking exadi: Time-keepers

or Watches. In the mean time, being now fpeaking of
Time-keepers, for variety (ake I (hall mention.

\A Kew Trind^le for Watches.

THis is a way ofregulating both ftandingWatches,and

movable Watchcs,either for the Sea,or the Pockety

which fome ten or twelve years fince I {hewed the Royal

Sfickty^whcn I (hewed them my contrivances ofthe Gircu-
^ C a lar



(44)
far Pendulum, which is (ince publilhed by Monfieur Hngt*

7iitfs;w\i\c\\ is alfo mentioned in the Hiftory ofthe did S<h

<7>/>',p.247.1in.20.This was by a fly moving Circularly in-

ftead ofaballancejWhofe morion was regulated byweight?,

flying further and further from the Center according as

the (trength of the Spring of the Watch had more an4

more force upon its Arbor. The Weights were regulated

from flying out further than they ougnt to do by the con-

trivance ofa Spiral Spring,drawing both the faid Weights

to the Center ofthe motion or fly, in the fame proportion

as r then dcmonftrated Gravity to attrad the weight ofa
Circular Pendulum, moved in a Parabolical Superficies,*

toward*the Center or Axis of its motion. The Weights
were (b contrived as always to counterpoiCe each othen
The Skeleton of this fly you have reprefented in the

Figure. The particular explanation of the parts, and
the Geometrical Demonftration of the Principle both of
the Springs, and of the flying from the Center, I

fliall explain in^ the Theory of Springs, and inthe dc-

fcription of Time-keepers and Watches.

Ari Ohferyation about th S^ed of Mofs,

Since the publifliing of my Micrography, I have iUct

with anObiervation,whrch though it beofone ofthe
frnallcft compound bodies I have hitherto taken notice of^

yet does it afford a hintof very -greatconcern in Natural
Philofophy 5 And it does feem to make clear the caufe o£
a Pliffnomenon, that Jhath appeared dubious,n6ton!yto
me, but toimny othermoreknowing Naturalifts. I have

. often doubled, I confcfs^ whether Mols, Murhrom6,and (e-

^^eraJ other, fmall Plants ( which the Earth fccms to prot-

duce
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duce olv'nii^s) were the off-fpring of a Seed or Grainy
and I havebeen apt to believe, that they were rather a
fccondary produdion of Nature 5 being fomevvliat the
more inclined to that opinion, becaule having formerly

examined the {mall knots or Seed-cods of Mofb witli a
finglc Micrdcope, I could not perceive any thing in them
that I could imagine to bcSced,at leaft not k) great a quan-
tity as feemcd neceflary to maintain ib numerous a Pro-
geny, as was every where to be found of it , that, wluch
then came out of them, feeming to be rather a pulp or
pith, than any thing like the Seeds in other fimilar Cods.
But being fince fomewhat more inquifitivc, I <lid exa-

mine (evcrrd of the above-mentioned Knobs or Seed-veP
fels, and found that there were feeds in them, no left

wonderful for the greatnefs of number, than the final-:

ncfsof bulk. Taking thert fomeofthc ripe and brown
or rcddifli ones of them,, and prefling them pTctty hard,

I found, that there was a fraall duU: went out or them,
which fecmed to vanifti into the Air. Prefiine;and Iquee-

zing others of thcfe upon a black plate, ancl examining

the powder with a Microfcopc, I found it to be a great

heap of cxcjceding fmaU Seeds, Globular, and pretty

tranfparent. It isthcfmalleft, Iconfefs, I have yet feen,

and, it may be, that has hitherto been difbovercd. And,
unlefs that be a plant, which I dilcovered growing on
the blighted leaves of Rofesy and thatthofe fmall bodies

be feed vclfc-ls , or, unlefsthofc Knobs, I havcdifcovered
^

on the top of mould, be the like, I cannot prefcntly

imagine where there ftiould be found a fiiiallcr. For, I

find, that there will need no lefs than thirty fix hundred
of them to be laid one by another ia a l4ne,to make the

lengthof an Inch 5 and, to cover tlie Superficies of an
Inch-fquare, there - will need no lefs- than nine hundred-

and thrcefcorcthoufiinds, bcfides twelve millions, offin^

gic Seeds if laid quadrangularly, but if laid triar^^^ irlyv

:re will need no lefs. than two hundred and luvincoro

i.-'jufand, bcfidcs fcvcntcen Millions of fingle grains^

And ihc number, in a grain weight of them cannot be

>lefs s
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lefsthan one thoufand three hundred eighty two Millions

and four hundred thoufand (ingle grains, about eighty

of thefc fquarc Superficies of Seeds being laid one upon

another in the Trigonal order, making, as near as I can

guefs, the thickncfs of a piece of fine Paper, a fquarc

Inch of which wcigheth a grain. And though this

may (cem a moft incredible narration 5 yet I would
dcfire (uch as are apt to be too cenfbrious, to take the

pains to gather a few of thefe Sced-veflels, and examine

them as I have done, and then fpcak what they find, and

believe no more than their own] fcnfe and rcafbn will

inform them, and they may cafily fee, that what I have

aflerted, will be rather (hort of than exceed the real num-
bers. Now if this Shell of the Seed be thus fmall, how
much fmaller muft needs be the rudiment oi the Plant

that lies enclofed within it ? And how cafily may fuch

$eeds be drawn up into the Air, and carried from place

and place, even to the tops of the higheftTowers, or to

places moft remote, and be fowed by the paffing Air, or
falling drops of Rain, on the boughs or branches of
Trees, fides and tops of Walls, Houfcs, or Steeples ?

And it is not in the Art of man to leave Earth expofcd to

thecommon Air, and to exclude the entrance, or prevent

the fowing of thefc imperceptible Seeds ^ and therefore

it is not to be wondred at, that, if any earth, though
never fo pure, be expolcd to the Air and Rain, though
at the top of a Steeple, it will produce Mofs.

Further inquiry may poiTibly inftrud us, that there

may be Seeds ofMuihroms, Mould and other Vegetables

of as fmall, if not fmaller, bulk, which may be difoer-

(cd and mingled with the Air, and carried to and fro

with it, till wafhcd down by the falling drops ofDews
or Rains 5 which, if they chance to light on a conveni-
ent foyl, do there Vegetate and fpring up 5 but dye and
perifh, if the ground, they light on, be not natural and
agreeable. But whether this conje(!hirc hit right,fiirther

obfcrvation muft determine.

This
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This difcovcry I made the year after the late Fire of

London^ to wit, in the year 1667. there being then vaft

quantities of it to be found every where difperfed among
the Ruines left by that Fire, which made me, I confefs,

very much wonder at firfl: howfuch vaft quantities ftiould

come to be then fo fuddenly rooted, and was the occafi-

on of my more ftrid: examination of it. This I prelcntly

ftiewed to many of my Acquaintants, and the nejit

year i568. upon the eleventh of June I brought an ac-

count of it into the Rojal Society^ where I fiippofe it may
yet remain upon their Rcgifter 5 and it was not a little

furprifing to all that (aw it, when they confidered how
exceedingly fmall each particular Seed was, and yet how
infinitely vaft the number of them was produced by each

Plant. How prodigiouHy fmall the firfl beginning and
rudiment of that Plant muftbe that was produced by it 5

now, though indeed the Plant it felf be one of the Imal-

left, yet this Seed of it was much fmallcr in comparifbn

to the Plant than the Seeds of moft other Plants compa-
red with theirs. But about two years after this I re-

ceived from a very good friend of mine at Enjiol^ the

Ingenious and Inquifitive Mr. W. C. a Relation of (bme
later difcoveries of his, which fccmcd much to outftrip

even this, whether the comparative magnitude of the

Plant, and of the Seeds, orthenuniber of the Seeds, or

the curiofity of the Seed-boxes, or the ffrange Way of

fowing and difperfing, or the place and manner of the.

Seeds produdion be confidered. As they were fcnt to

me by him in a Letter from Brrlicl^ d^ited September 30.

i66<p, take them in his own words and defcription.

'f^ OtvPithjiandirrg my many other Avocations^ variety of

j[_\J dijcoveries do almoji cvety day inlar^e my experience j

hut mere efiecial/y this laji Week^ I 1^ " " happy in the

' ' ling of that vrhich all the Phil "
^ ^rians

oj jormer /i^cs^ have been ignorant vj^ n c a
'

'
t-

y rNcfrom ivhat remains have of them, - My D-

Jbort rras this^ that all the kinds orfpccies of Fefit^ to^iu.c/ ^ %

'
"

jrilh
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rcifhall the Uk^CdpiUary PUftts their Coffgemrs are (^though

generally dcfiied to have any at aS) more abundantly prolifical

w Seeds than any ether Plant bejide, ejpedal/y the comnion

Tentale Ferns or Brah^s^ and thofe /nore elegantly formed

Imean chiefiy inihe little Feficlesconteirring the Seed) than

wany others^ among the hundreds Ihave objcrved. Toma^e

it demonjirable to you^I have now fent you both the Plants

vrith the Seeds- on them, and the Seeds of the fame Plants

apart in Papers by thcmfelves^ Tphich I toob offfrom other

Plants of the fame k^nd^ havitrg plentiful parcels of each

(excepting of what Ihave notfent you ) this being the Jeafin

ofperfe&ing their Seeds, I thought to havefent you draughts

of the SecdVeJfels, as they appearedprefently after gatherings

but could not. I prefume fome of theVeftdes or little boxes

may remain vrholc, fo that by yoitr Miirofc^pc you may fie

their true figures and dijiinilions, fome of thembeing more

flatted oneachfde the httie ring or embojjed girdle enconi"

pajfing them^ others morefvaelling^.

Alfo thofe little rings or bands encompa^mg the boxes are

dijj'crcnt, infome. of the kjnds broader andflatter, in others

rounder, a}id flandtng up higher, yet all agreeijjg in* the

principalpartsof their form. Ipurpofe to druxt thefigures of
them all as they appear by the Microjcope, together with their

Seeds, and to add defriptions of all circumfiances confide-

rable, and joyn them t(hhe refl of my draughts of that kind.

Some particulars mofl conjiderable I now give yon in thefij-

foUowing account,

1, The little boxes l Ontiining the Seeds are in nrofi of
thefe Plants not half and in fome not above one third, or oni
ujftarter a^ big as a very (hiaU grain of cotnmon whitefind 5

appearing lil^ little hladders infolded with rings or bands^

fl aped lik^ certain little worms I have met with, which maybe
referred to theTcredos and Eruca's,

2. As near as I could compute, fome of thefc bladders com^

tainedabout .100 Seeds, which wire fo exceeding fmalJ, m io

U wholly invijibk to the na^edeye, and indifcoverable witbout

a Microjcope.

3. The
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5. The Leaves of both the Ferris, ej^edally the commti

Female Ferrt^ (tphich is wore abmidantlyftoredwith Seed
than any of tlx refi^ and the other Inovpfend yon^ being h^n
doft vpithoyt hrntfing, andfoqn after gathering expofed to the

S'tw^ or dry Air, the bands of as many of them as are ripe^

toillcontra&themfelves and breaks, and fling their Seeds aU
about, after the fame mamter as fame other final! Plants,fuch
<if /^PerficariaSiliquata, and fome (^//^eCardaminas are

obfervedto do. This I have obferved n>ith a Jingle convex
gfafsas ml/as rrith the Microfcope, but vrith the latter only

I could difccver thefalling of the Seed, And a pretty quantity

of the Seed being rubbed or brufed offfrom the Leaves upon
afine piece of Paper or Parchment, andfvoeeped together into

aheap, many of thofc boxes breakjngtogether, and juftling

one another wouldmak^ the heap feem, as it Tpere,fullofMites
or living Creatures, even to the bare eye '-y and ifthe place be

free pom noife, a^d the Ear be clofe applied, the crackling of
them upon breaking may eafily enough be heard, and upon
running over the Paper voith a Microfcope the Seeds vpiil be

found dij^crfed, and thrown at a great dijiance.

4. Thefigures of the Seed-vefjels, as alfoofthe Seeds ofall

the Ferns and thofe their Congeners, called Capillary Plants^

are very near of thefame JIape andftze, notvpJthfianding the

vafi M^roportion between them, asparticular common Fern^

WallKue, HartsTongue, and Ofmord Royal, the firfi three

of which being very remarkable for their nnlikencft to each

other, and the laji chiefly for its excelling fo many thoufand

times in magnitude that of Wall Rue, Which obfcrvations may

feem to confirm the opinions offome learned Botanifis that

the affinity of Plants are to be judged by the figures of their

Seeds.

5. ThatOfmundRoyal, which excelleth all tJ)e other Ferns

both in greatnefs, comlinefs, and vertitcs, and which hath

been accounted barren, with the reft hathVcfjclsand Seeds tf
the fame figure with the other, and very near of thefame
dze, the extreme fitialnefs of which, even to inviflbilitj, and
the greatnefs of the Plant, Of:e root whereof, with all the

growth cutof it. Have found zfcichi/g ten pounds and bet-

H ter.
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Ur,Hfirpalprfglymm rccndtrful than that ofMofs Seeds ^ of

vhkh I have ^fonte k^nds of thejn bearing Seeds^ that a great

fjHmhcr of the with tbetr Root Stalks, Leaves,andSeeds^

do not weigh a Grain, BeCtdes, Ihavefoundof the common

Female Fern fimc which have beenfrom the Roots to the «)-

mcfi top of the Leaf nine foot high, and vpithin thefe threi

d^iys meafured the common broad-leaved Male Fernfxfoot
and an half long'^ fome of the LcAves of vchich are among

thofe Inowfend you.

6. But that which appeared moji admirable, both to me

and fome other Gentlemen that were witnejfes of iS vrithmc,

rcas the many differing kinds offmall living Creatures, whoUy

invijible to tbe naked eye, and even through largely magnify-

ingfie&acles, thoughjome of them were to be feen through a

deep Convexglafs 3 but with a Microfcope, when the Plant

was newlygathered, they might befeen nimbly running up and

down among the Seed-vefels, and fome^ them were fo

fmall as not to be above twice as big as the fmall Seeds in

the bladders':, a defcription offome which Imay hereafter

Jencfjoti,

Ihave inclofed in the box fent you twelve forts of Plants

of this tribe, being the greatefi part of the number, and only

Jcven forts of the Seeds 5 thofewanting are the Cetrach, Wall

Rue, Maiden-hair, and Polypody, of which notwithjiand-

ifjg you may fatisfie your felf in the mean time till I can

fend them green by thofe fmall parcels of the Plants which

you will find amongfi the refi, though by keeping they are

withered.

The Seeds of the Ferns through a very excellent Micro-'

fiOpe appeared of the bigntfs of a fmall Vetch or Seed of Len-
tiles to the naked eye, andfome of them Jl.rink^ like the fides

of white Peafi, withfmall regular kf/obs and hollows, Thofe

of Polypody are differing in colour andJImpe being yellowijby

as the others are brown, red, and formed liki the Seeds of
thefmaller Medicas that n ofa Kidney Jl?ape, AH the reji

Jfound very near of the fame form, I cannot omit what I
cbferved in Cetrach, which Plant I have heretofore often con^

tidered, aud wondred at tfie ill-faveuredroughncfs on the un^
dcr
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£ler Jidc of tie Leaf, apfearing like the flefy fide of ta^nd
Leather^ being rchoHy ignorant what Nature meant in it^ but

now by my Alicrofcope Tfind it a very plcafa/it objeCi differ-

ing from all the refl^ vrherein the curioftty of Nature ( in a

Plantfo abje& as that appears ) is fewn beyond imaginati-

on, Thk^ when fiejl) gathered^ atid not bruijed^ appears

through the Microfcope like fine thin Membranes^ fuch as the

Wings of Flies^ chequered vpitb figures after the manner of
Honeycombs rchen the cells are full of honey^ and dofed with
Membranes^ amongji which^as in fo many Cells^ lieiheSeed^

vejjels^ fi}apcd as before k mentioned, I doubt 7iot but yon
have read the firange (lories and fabuloMS conceits ofAus
thors about Fern Seeds. But Parkinfbn k more Orthodox in

fome things than any of them : For he poftively concludes

from Gen.l.ii,l2. that all Plants have their Seeds^ and
confequently Fern , where if he had Jlaid^ he had afferted a

general truth : But in coming to particulars^ he affirms as

great an untruth^ in faying^ fbl. 1 03 6, a7id 1037. that the

Seedk ripe at Midjummer^ according to the old traditional

Fable^and tells how it may be gathered 5 whereas now k the

veryfeafon of theirfeeding^ and at Midfummer thkand the

refi are not come to their fullgrowth^ before which no Plant

Jccds, That dufiinefs which he j^eaks of and calls the Sced^ k
fto other than whatkfound on divers other Plants^ being an
irregular Dujl^ and k notfound on the borders of the detjts

of the Leaves on the under fide^ on which the Seed grows^

hut all overJprinkfed on both (ides^ and not found when it k
fullygrown, Thk heaffrms of the Male Ferns^ which are all

differing very notably from the common Female Fern., con-

cerning which the fabulous tradition k held. But after in

the following Chapter of the Ferns and their Relatives now

Jentyott^ hefeems togive over hk Scripture Propofition^ and.,

Jpeakjng of the Seeds., fays no more but that they have fpots.,

dajljesj fcales^ or marks on their back:(ides. And of the Of
ffnmdRojal (fpeahing ofthe bujh at the tcp ofthe Plant )
flysit kai counted (PS the Flower and Seeds, And of the LO'

rhitisafpcra ftys plainly they have none at all. Of this liji

I am yet to enquire.^ but doubt not IJhall fijtd that it hath

H 2 Seed



(so
Seed lik§ the reft. Of all which Gerrard and Johnfon hk
Corrigitor gravely concludes (" having indeed no demonftra-

tie ground to the contrary ) that fome have been too rafi in

affirming Ferns to have Seed. I intend next Summer to ob-

Jerve rohether thcfe hitherto mknown Seeding Plants have

Florcers, In the mean time I am, &c.

Briftol. Stptm- If/'

MacuU in Sole.

During this laft great heat of weather in June I obfer-

vcd a very cx)nfpicuous Macula with its immcdiatly

incompafling Nubecula, and fome other lefs confpicuous

Spots at a further diftance pafs over the Disk of the Sun,

and found that it was ncareft the middle when the heat

was greateft, that the heat increafed as it catne nearei; the

middle, and decreafedasit demrtedfiomit. It may be
therefore worth obferving for the future whether the like

weather do not happen upon the next appearance of the

like Macula, finceit feems not very improbable to fuppofe

that the body ofthe Sun it felf may be much hotter when
fuch eruptions appear, th&Ce Macularofien times ending in

F^culae. And the rather becaufe I am informed that this

extraordinary heat hath not been peculiar only to Eng-^

land^ but very general to Europe 5 what it hath been to

other parts oftheworld further intelligence will inform us.

Upon a fecond appearance of Spots in the Disk of
the Sun at the latter end of July and the beginning of
Augufi^ when atone time, to wit, July 29. there appeared
about fix greater and fmallerinone knot with their proper

Nubeculcs or Umbra's, the heat of the weather again

increafed toa very great degree, and abated as they drew
toward the Limb, and grew fainter. But it hath now
fince the difappcaring, t//z.. on the fourth ofAuguJi, been
exceeding hot alfo, though I do not find any Spots this

fcventh of Auguft-^ it may therefore poflibly be that other

parts of the body of the Sun may have an extraordinary

inflammation



inflammation which m^iy cauic fof fervent and JafHncr heats
as have hapned this.'Summcr,.: At leaft xhu Hint may
dcfervc fomc farther Inquiry, for though probably it
may not be attained to predid the appearances ofthofe
Spots, yet poflibly the appearances of the Spots niav
fcrveto predift the futvtff conftitution of the weather.
At leaft it feems worthy remarking that the greateft: heat
that hath been in the Aifthi^ year wason thatdayofjfw^f^
when the hrft Spot was near the middle of the Sun.

<— i . . f'. it ti UjUiii ; —
_

^

PbSTSGRIP'Ti
THe Publifher of Tianfadtions in that of C^^^er

1675. indeavours to cover former injuries done
me by accumulating new pncs, and this with fo much
paffion as with imegr^x lay fey, dilcrcticfli^ Ofhcrwife
he would not haveaflkmedi, that if. yfis,^ cer^piq, that
none of my W^t^rhes fucceeded, asitwas tia'tl had made
them feyeral yearsaga : For how copld he be furc of 4
Negative? Whom I have not acquainted with my Inven-
tions, fincQ I looked op biro a^r one that made a trade of
JntelligcBce.

Next whereat he fays I ipade them without publifting
them tothci wojfld in Prints ^^prcvf^rjiqates, and would
have it believed that they were not publilhcj to the
world, though they were publickly read of in Sir Johm
Cntkrs Lectures before great numbe;;s at.feyer^ times, and
though they were made and (hewji to tiiou/and^ both
Engliih and Foreiners, and writ of to (everal perfons ab-
fent, and though they were in the year 1665. in Hi-
fiory of the Koyal Society publifhcd to the world in
Print, becaufc, fbrfooth, they were not printed in his
Tranfadtions-

Thirdly, whereas the Publifher of Tranfaclionsjuakes
a long ftory of my feeing his Journal DefLavatts^ and my
defiring to trnnfcribe that part of it which concerned
this matter, as if I had requeued fomc Cngular favour
thereby. I nnfwcr,

"

Firft,



(54)
Firft, that he knew Idefigned prefently to have printed

it with Animadverfions, but he endeavoured to prevent
me, defigning firfl: clancularly to get a Patent of it for

himfelf, and thereby to defraud me.

Next, I fay, I had a right without his favour to have
feen,perufed,and copied it, as I was one ofthe Roysl Sods-
ty^ the intelligence hetTiere brings in being the Societies,

Then it is denied that the Dclcriber of Heliofcopes

well knew that the Tranlcriber ofIntelligence would pub-
lifti itin hisTranfadions, though it was believed if the

publiftiing it would injure mc it v?ould ziot be long con-

cealed 3 which was the folc reafon of Printing in the lame

Tranfadtions, viz, iia.' a Letter which he nad (cveral

years before.

Thirdly, Whereas he afler>s that feveral di(coveries of
the Accufer had been vindicated from Ae ufurpation of
others. It is anfwered, the clean contrary is upon good
grounds fufpetJbed from the Publication of a Book 2U)out

Earthquakes, PetrifadHon«,e^c. Tranflated and Printed

by H. O. the manner of doing which is too long for this

place. Such ways this mif^intormer hath of vindicating

difcoveries from the ufurpation ofothers.

To his upbraiding me with his having publilhed fbme
things ofMine 5 I anfwer^he hath fojbut not fb much with

mine as with his own defire, and if he fend me what I

think worth publiftiing I will do as much for him, and re-

pay him in his own coyn.

Lafiiy, Whereas he makes .u(e ofWe and Us ambigu-

oufly, it is defircd he would explain whether he means

the Royal Society^ or the Pluralities of himfelf If the

former, it is not fo, as I can prove by many Witnefles^ if

the later, I neither know what he is acquainted with, or

what has been imparted or explained to him.

So not defigning to trouble my (elf any further with

Um, unlefs he gives me occafton, I difraifs him with his

Speque metuque

Procul hifjcpreenI ito. Ho.

FINIS
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SYNOPSIS
THE Comet fecn A^il 21, 1^77. between the Triangle

and the Cloud of r , its tail not diredly oppofite to the
O

, its Magnitude
, Brightncfs, Head , Nucleus , Bh2e,

CiJ Why fometimes fliortcr, fomctimes longer without fcnliblc

motion ofparts. Explanation of the Hril figure, as feen by the eye.

C2.) Of the fccond Figure, as fecn through a gbfs, of a parabolick

termination, differing from the reprefentations of Mr. Hrvtlim.

The Medulla, and blaie with the manner of fliortning and
lengthening, explained by the third figure -, not feen the 22 a. but

the 23d. The bignefs of the Nucleus and Head through a Tele-

fcope, compared with the top of a Tower. (^.J The place it

then appeared in. Why the motion was not more exadlly obfcrved.

Its blaie ftill not oppofite to the Sun. Tlic 24th. not fcen,nor 2 5 th.

though the Sky clear by rcafon of the height of Vapors. How
they do lengthen the Crepufiulttm. Why Phyhcal Remarks only

were made. C6,) Publilbed in order to underlland Objedions,and

propound pertinent Queries. Some Obfervations, Notes, Queries,

e^^. concerning the Comets in i^^4. and iC6<^, here. Colle<fled

out of feveral icattered Papers and Ledures of them formerly read

here imperfcd. Queries ofits fubftance, magnitude, denfity, muta-

bility, diffolution, fluidity, gravity, light, figure, motion bended or

ftraight, f70 with equal or unequal velocity, in the Atmofphere or

^ther, above or below the Moon. Whether it wafts, or lalls to re-

turn. The Star of a compadtcd light (%,) varied poiTibly firom po-

fition, partly from real change. Tail tranfparent , Body fuppofed

more denfe, fide toward the Sun evenly dehn'd, EncompalTed with

a fluid yielding to motion,but diffolving its parts. Its light from its-

felf. (9*) Its Nucleus fuppofed dcnfc polTibly as the middle part of

the Earth, of which fomc conjectures. Diflblvcd by the ^thcr as

in our Atmofphere. Cio.j Argument for the loofencfs of the cen-

tral parts of the Earth from the variation of magnetical dire(Stiou.

fi I.) The Nucleus of Comets polfibly the fame. Internal motion-

may weaken gravitation. Parts fcparated may be agitated by the

gravitation of the O, Tail made not fo nwch by the particles rece-

ding as the Stars approaching the Sun. Ci2.j How the Comet
*

may firft lofc its Orb in the Univerfe, and palfmg through the •

A 3 fphcics'



SYNOPSIS.
(phercs oF Aftivity of fcvcral central bodies is dcflcdcd aiicl aftn-

dtcd by them , and the Claze raifcd to a prodigious length,

fi 3.)Thc bodies beinj; attradcd by fome gravity,Bla7C expelled by

levity, explained by fmokc , and fleams. Somewhat for pofitivc

levity, (i^) A digrdlion concerning the method of fpccula-

ring the great and hrft principles of the Univcrfe. The Coma and
Blaze like fmoke or flames, f 15.J Shining particles a (hining

point, not a lineof light. Confidcrations and Experiments about

the ways light is augmented by , as by fwift motion
, adjacent

dark Wwwi, Flame explained. Why the Particles coalefcc into

a fiream. ( 1 6.) Enquiry about the magnitude and place of Co-
mets. Many fuppofcd dicm fublunary. Tyc}}» and Keller proved

them coelelHal. How far we may rely upon Obicrvations for Pa-

rallax. Parallax and its cifcds defcribcd. (i^.) Tycl^o (ujppoicd

the Comet of 1577, to move about the Sun. ^Ci^/rr that of 160J,
to move in a ftraight line i that of 166^ had no fcnGble Paral-

lax by what means it was found. ( ip.j Rcfradtion in (his way
varies little. Theory of Comets dcfcdivc as to Parallax liitherto.

Parallax not to be enquired from the Obfervations of fcveral men.
Errors creep in from the Prcfs and tlK Graver , as in F. Gottignics

Plates, f2o,J Nothing to be co»Kliided from Obfervations

made by pcrfons in differing places for want of accurate Inrtra-

racnts, and Obfervations. fai.) Even the bcft as Hcvdm^ Got-

tignkL, Petit^ or Auzout err. Some realbn for this alTertion. Moft

of the reft altogether infigniHcant. (22,) Want of Obfervers,

Inllremcnts, and Tables the caufe. How thcfc wants arc to be

fupplicd. What the world cxpedsfrom Mr. HeveliM, C23.J And
of how great ufe his Tables and Projections made by them will

be. Parallax from diurnal motion failing, fa 4.J Other Parallaxes

ariling from other hypothcfcs of the proper motions cither of the

Earth, or Comet, or both together confidcred arife to a cenainty,

(2 5.J Othcis depending upon other fuppofitions dchne nothing of

the magnitude or dilianccof Coincts. The inconvenience of 7^-

cVs, and alio oH Kepler s Hypothcfcs explained. A third way I have

taken. What confcqucnces tollow &om it, (26,J As that it moves
in a Circle that coctk's within the Earth Orb in -ft, and without

^ Orb in :::,a fextant in 130 days, &c. This not telicd 00 , bc-

caufe there may be other hypothcfcs to folvc the phaenomenai as

that the Earth is unmovcd,and the Connet moved in a Circlc,whoie

convex fide is toward the Earth, (270 This hypothefis explained

by thefixth figure. ( 2 8.J The: diliance and bigncfs of the Circle

of the Comet undeterminable this way without a diurnal parallax^

lince the appearances may be folvcd by Circles of any bigncfs, pro-

ved by the eighth figure/ 2 p.) Allowing inequality of motion, or

more



SYNOPSIS.
more compound curve lines, nothing can be dcfcrmincd. The cir-

cularOrb it fccmcd the moft probable folves fU^Urs acceleration,

according to the incrcafe ofa fine ofTangents. C30OA gravitation

towards the Sun makes out the motion of the Comet, and Planet?,

awdof the Blaze. The Bla/c explained by experiment of <? di/Tol-

ed in oyl ofVirt. ('3 1 OTbis expcrimei] t and hypotlicGs (arthcr ex-

pbincd,and applied to explain the Blaze wliich is from thence bent,

biigluer on one lide tlian the other, not dircd from the Sun.

Comcrical body and motion as old as the ^vorld.
, yet veaft-

mg in the itthcr \ explained by fire. Dinblution by nunjlruums,

C5 3jThence the proprieties of Comets conjtdurcd,and tlie fum of
the foregoing dlfcourfe repeated, being the end of a Lcdurc. Re-
ciniife to 'BriAis ObifcrvationC 3 4.)for making out theComets
Orb. His Uippofmg its morion unequal without rcafoi) a Ibift. Mr.
Horrox his hypothefes in the ninth figure a produ(5t of chance.

C35.^ A difcouric on it, and (biBe objtdions againit TydEjo's.

(3 6.3 Kepler s hypothcfis examined by thefe Obfervations of Ty
chos^ found the moll likdy, but vrith fomc alteration. Line ofTra-

jedVion bent a little. Motion accelerated towards the Sun, retarded

ftora it. C3 7.) The fwiftcr and further off the Comer from the

Sun, tlielefs the bcnd,explained by the tenth figure. ( 3 S.jThe way
ofenquiring parallax by Tclefcopcs, f3^.J further explained. A.

fecond way by two Obfcrvers in diftant places propounded. The
third way of Sir ChrJFrtn his Ma jellies Survcyor-GeneraL,(^40.JSet

down and demonHrated by a Geometrical Problem. How
exadVly all thofe Obfervations he had were made out by it,together

with his own Schemes \ both which I had in the beginning of Feb,

j46% Some other Papas about Comets added
,
being rc-

flcdions on Mr. Defcartes and KefUrs hypothcics, from particular

tracings of theComets of 166 4. and i66^. A Scheme ofthe later

Obfervations of that of 1664. added, and fomc reiledion*, being,

an the papers could be found about tliofc Comets. (43, 44.) Ani-

madverCons on this c^Jfril latuWhy the former conjc<flurcs were

adhered to concerning the light of Comets. (45.) Seyeral forts of

(hining bodies enumerated. To which the light of the Co-
met fecmsto have molt affinity, and how produced, f47.J Fur-

ther defcribed and explained. (48.} The reafon of its parabolick

hgure demonlhatcd from the proprieties ofmotion from or toward

a gravitating body, as the Sun. (4p.J Concerning the waifting

and lafiingof the Cometical body. The bignefs and nature of the

Particles that compofe the Blaze. (5^.) Some difficulties in diis

fuppcfition concerning the adion of the ^thcr in levitation and

afccnt, dilTolution, (hining, &t, cleared and explained by Experi-

ments. r5'5 5??530 But would have been further examined by.

Ob-



SYNOPSIS.
Obfervitioa if there had been opportunity. (540. ^^^^^'^ ancmoiw *-

bout the light of Comets may not fccm too paradoxical, fomc further Confi-

derations and Obfervations about light arc added , and feme new ways pro-

pounded, (s 5, 56.3 Mr. Boylfi Memorial concerning a Phofphoros, wrii-

ten for his own ufc, infcrted ; in which he M\ names the Author of it, and
defcribes hii i^p;jrtft«i. (57, Then the obfervables. 1. Two fpooo-

fuls of matter enlighten a large gtafs fphere. 2. A lixtlc enlightens a large

Cylinder. 5. Liquor (haken had a fmoke and flafht. 4. A dry fublliBoe at
firmed to hare continued (hining 2 years, flaftied. ($9.3 Somcduft of

this on a Carpet twinckled like Stars. Writing on paper with ic fliiu'd, and
fmelt of Sulphur and Onions. (60.) 7. The hand on which it was rubbed,

fhin'd, but felt no heat. (61.} It fired Gun-powder firA warm'd. And
white paper held over coals.Other tryals propoundcd,but refufcd.^dj.jsome

Experiments made on the Phofphoros iddvini in vacu^A^A in the open lir.

("64.3 Prefervcd in Vncuo^ but deftroyed in Air. (tf $, 66.) Monfieur GtUei't

Letter to Monfieur C^j^ni, acquainting him with v\\% Apftratsa for obferving

5 Ino. Cd7,68._) HiiObfcrvation of four fpots in 0 . (69.) The particu-

lars obferved. (70. 71,72.) Mon(:cur Cafinfi RetlcAions on thefe Obferva-

tions. (75,74.) Mr. Hdly\ Letter to Jonas >foor/,containing an account

of his Obfervations of ^ fub foU, three Southern Stars. The two Shbtculu^

&c, (75,7^,77.^ Mr. Ctf^^A farther difcoveries about the diurnal morion,

and fcveral new appearances in (78,79, So.)

A fccond Difcourfe called Microlcopium , or fome new difcoveries with
Microfcopes, in a Letter of Mr. Liturptnhotc^. (8i. 82.) A confirmation of
fomc of them by Obfervations here. (83.) Mr. Letmvenfmc^^i fccond Let-
ter, containing Obfervations of the Globules of Blood, Milk, FIcgm, Gums
firft dilTolved, then precipitated out of the Spirit of Wine i Eels a thoufimd
times thinner than a hair. (?4, 85, 85, 87, 88, 89.) The ways how thefc
difcoveries were made lie re. i* By holding the liquor in fmall pipes , how
fiird, how made. The Lamp, Pipe, Oyl, Manner, Materials for making them
dcfcribed. (89, 90.) Mufcovy.gjafs ufcd inAead of thefe Pipes , and how
the Microfrope was fitted for this purpofe. (91.) What light convcnieit.
Surfaces of bodies not pcrfedly Huid apt to delude an Obfcrver. (92.) Plates
removing that deluding caufe, and what farther ufe of them. (95.) How to
find the hKurc and texture of Animal and Vegetable parts. Inflance in a li-

gament of Beef. (94.) The figure of Mufcles hinted , and an inftrumenc
ftretching them before thcGlafs defcribcd. (55.) A defcription of the Mi-
crofcopes ufcd, 1. Of thcfingle Microfcope , and its advanragcs and diffi-

culties. (96.) another fort more eafie defcribed, and the ways liowtomakc
and ufe it explained. (97.) Caufes that vary the diftance of objefts from
the Globule. The ufc of Selcnites and Looking-glafs-plates, for holding the
liquor.A Microfcope of one fingle rcfraftion. (98.) The only inconvenience
of them hinted, now prevented by double Microfcopes. Where thefe arc
made. (99-) The double Microfcope, and its parts, ufes, and advanragcs
defcribcd. (loo.) The benefit of a Hark Room, and appropriated lights.
And a digrdfion in anfwcr to P. chtrubinis Accufation. ( xoi.) Some Obfer-
vations made with this Microfcope hinted. Animalcules in the ileeping of
other Grains befidcs Pepper. Their fmallnefs eftioiatcd, and compared to a
Whale. Mufcular fabrick hinted. Milk, Blood, Far, Sugar, Allum, &c. view-
ed. Oo*> *®?0 Mr.ibi/'f^'s Letter of oncwhotryingtocureaColick by lea-
den Pills, flipt one into his Lungs*, grievous fymptoms cnfue. (105.^ Helps
of skilful Phyficiansin vain attempted, and particularly of Dr. AUyarv^ of ful-

pcnding with the head downward^though in the interim he married and had
Children, yet ic kiil'dhim. (106, lor.j His body diUcftcd, and remarkablcs
taken notice of, and their caufes explained by Mr. T(»//Ji^,(from 1 07. to 1 1 a.)

COME-



CO

C O M E T A,
O R,

Remarks about Comets.
I... J ...

N Saturcluy morning, April 21, i6jj.

I firft (aw the Comet , of which I

had been advertifcd the day before.

It appeared in the Sign Taurm , be-

tween the bafe of the Triangle, and
the unformed Stars in the Cloud of
Ams^ dignified by P. Pardies^ with
the figure of the Flower-de-luce.

The head of it was in a right line, with the heart of
CaJJiop€d^ and AlaMakjt or the South foot of Andromeda,

and as near as I could judge by ray naked eye ("having

no Inftrument or help by me) it was 6 of the diflance

between the feet and the Girdle of Andromeda , diftant
~

from the (aid AlamaJi towards the South.

Its tail fomeiimes as the Air was clearer and darker,

extended about three quarters of its diftance from the

aforefaid Alamak,^ and pointed diredly at the Star in the

nofe of Cajjiopca of the fourth Magnitude , and confe-

quently the head of the Comet pointed not diredly at

the Sun (the Sun then being about the eleventh degree

of Taurui^ but rather towards the fourteenth degree of
the fame Sign. Its appearance was very (mall and iiender^

and as people commonly ghefl*ed,about two yards long j

and the head about the bignefs of a Star of the firlk

magnitude, but of a much fainter and duller light. Its

blaze about tfirec o'the clock feemed to rife ftraight up-

B ward
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ward, before that about half an hour after two it lean-

ed a little Eaftwards, or towards the right hand , and

after three, as it rofe higher , inclined towards the left

fide or Weftwards. The head to the naked eye was

brighter tthan the blaze, and (eemed to be fomewhat

bigger than that part of it which immediately joyn'd to

the head 5 butthofe parts of it which were farther di-

flant, were of a much greater breadth 3 fpreading wi-

der and wider , as they were more remote from the

head, and in the fame proportion alfo growing fainter

and fainter in their light
,
efpecially towards the out-

fides : but the middle parts or medulla appeared much
longer, and the brightnefs much greater , which made
the\vhole blaze to fecm to taper, or be pointed towards

the top.

The length of the Blaxe appeared fometimes (hor-

tcr, and fometimes longer , by feveral vicifiitudes ^ and

as the day-break, or dawning increafed , fo the Blaze

ftiortened, and efpecially towards the fides near the top,

and (bortly after before the Sun role, difappeared.

But notwirthftanding this fhortning and lengthening

of theElaze,f coi^ld not perceive any kind ofmotion in

the parts of it, fuch as is obfervabfe in flame, fmoke,

er other fteams rifingfrora a burning or hot body : but

the fame parts of the Blaze (eemed to appear and difap-

pear in their proper places as if they had been fixedand

afolidbody.

The firft Figure I have here annexed will with fome

(hort explications, rcprefent the appearance of it to the

eye, more plainly than by a multitude of words, with-

out it *tis poffible to cxprefs.

A, rcprcfents the head of the Comet, the middle of
which appeared brighter than any other part 5 about

which was a hazy light fomewhat like the (hining of a

Star through a thin cloud 5 the lower part of which was
pretty round and defined. B, the neck of it , which
fecraed to the naked eye of lefs Diameter , and Icfs

bright than the head, but through a fix-foot glafs, as I
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(ball mention by and by, it appeared bigger, though
not fo bright. The middle of thi» was very bright, and
fecmed to iliiie from the Uttcleus or Star hi the middle
of the head. C, the bru(hy parts which were fainter

and paler towards the (ides, efpecially nearer the top,

which made the whole feem to taper and relcmble the

Figure here expreft : Obfcrving it with Telefcopes fone
of which wai fifteen foot , and the other fix foot long)

1 found the (hape of it much like this, which I have re-

preicnted in the fccond Figure.

It had a pretty bright Star (if I may focall it) near

the middle of the head. Teeming much about the bright-

ncG of T? when near the Horizon, and was about 25
feconds in Diameter, as is reprelented by A , not per-

fed^Iy defined, but hazy ^ the cloudy part or beard of
the body encompafling it on all fides : but that part of
the Cdma B, which was next towards the Sun, was the

narroweft: nor was this Coma well defined , but the

outward parts of it were fainter and fainter. However
they were regularly enough terminated to make the out-

wardmoft bounds of it ofa kind of Parabolical figure,

the moft bent part of which was towards the Sun,

and moft defined : And the bright Star of it was, as I

have exprefifed it about four of its Diameters di-

ftant from the faid parabolical limb. The light pa its of
the ambient Cloud fcemed to fpread gradually towards

that fide of it, which was oppofite to the Sun 3 but thofe

which were next the middle were the brighteft : and al-

ways as they were farther and farther from the Star in

the head, the fainter and paler they were.

I could not obfcrve any reprefentations like thofe

which arc given us by Mr. Hevelim^ in his Cometogra-

phy, neither in the Head, nor the Blaze , no more than

I could in thofe which appeared in the years 1664. and

1665. as may be eafily taken notice of by comparing

thefe which I have here delineated with thofe.

The middle part of the Blaze CC, which afcended

from the Star in the middle, feemed the brighteft, and

B 2 of
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of this mdulU dr ftena, thofepartswere brighteft which
were neareft fituated to the (aid Star. The fides of it

grew fainter and fainter, as they were farther from the

head , and though they had brightncfs enough to make
them appear in a daik and clear sky

,
yet the dawning

quickly made them vaniRi , and difappear , as did any
hazincfsof the Sky: and according as the light incrca-

fed, fo was the Blaze dimini(hed, after the order of
the tapering prickt lines cxpreft in the third Figure by
a a a, b b b, c cc, d d d, &c. and even in a clear and

dark Sky, towards the fartherend of the Blaze they of-

ten difappcared for fome (hort fpace of time , though
the middle or ftem continued ^ and fo it caufed the re-

maining appearance to rcfemble the figure of a very

flender birchen whisk or bruQi, much like that reprcfen-

ted in the firft figure.

The 2 2. from half an hour after two, till halfan hour
after three, the North-eaft part of the Heavens to me
was cloudy, and the Sky between the Clouds was ha-

zy, and the dawning ftruck much higher than the day
before, fo that I could not find it.

The 23. withfeveral friends I obferved it again , the

Sky being clear, and confirmed my felf in all my for-

mer obfervations
,
taking again diligent notice of all

circumftances remarkable, both with ray naked eye, and
with Perfpeiftive-glafTes. And I had this morning a very
notable obfervation in order to meafure the bignefs of
the Star and its Coma which encompafled it, by compa-
ring it with fbmewhat fixt ; for fome few minutes be-

fore three of the Clock the head of it paft juft behind
the type or top-poft of a tower not far diftant, and was
quite eclipfcd by it ^ and as foon as it appeared to have
pafiit, feeming yet contiguous , I obfcryed it with my
lixfootTelefcope, and found the Coma or whole head
to appear full as big as the faid type or timber poft, and
the NmcUms or Star in the middle of it, to be very near
of the lame bignefs of the iron fpindle, upon which the
weather-cock was fixt. Whence u^qu examining the

bignefs
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bigncfs of the faid parts , fince by an accurate Indru-
ment Ijudgetheheador Goma was about 4 ^ minutes
in Diameter, and the Nucleus of Star about 2 $ feconds.

I took notice this morning that it had much altered the
pofition in the Heavens, which it had upon Saturday
morning, and that the Blaze of it was very much de-

out of the line it appeared in the laft time. And
with a fmall crofsflaff, taking the diftanceof it from
Alamak^^ and from Qitiih , in the left fide of Pcrfins, I

judged it to be in the mid-way between the Flower-de-
luce aforefaid, and Algol^ or the head of Mcdufa^ that

is, about 14 degrees of b^, and 17 degrees of Nor-
thern Latitude : fo that I judged its motion almofl EafV,

but a little deilcfting South. I was not much lolicitous

of making obfervations of its true place , as not dc-

(igningmy picfent enquiry to be for what kind of moti-
on it had, conceiving its motion to be towards the Sun,

and fo of very little duration : and expedting to hear

an account of that from other places, and perlbns that

were better furniftied with Inftruments and convenien-

ces for obfervations of that kind than I was then.

The Blaze extended it (elf in a right line towards the

Star in the right thigh of C/r//z<?pc*/, bcing a Star of the

third magnitude. Its length at firft was about 7 or 8

degrees , and did fomctimes' (eem longer , fometimes

(borter, as I noted before, without feeming to have any
other motion in it but the Diurnal motion,the fame with

the fixt Stars on Earth. Whence I colledled, that the

head of it pointed towards the feventecnth degree o f
74«riKfintheEcliptick , though the Sun at that time

was about the thirteenth degree of the fame Sign.

The 24. with ieveral others , I attended the appea-

rance of it, but the Sky in that part of the Heavens was
over-caft with Clouds.

The 25. I expeded to have a farther Obfervation of
it from half an hour after two, till a quarter after four 5

but notwithftanding the South-eaftcrly wind , and the

clarifying quality ofthe air, which before half an hour

B 9 * after
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after three had partly carried off , and partly difTolvcd

the black thick Clouds (with which the Noith-cafl:

parts of this Horizon was ovcr-caft about three of the

Clock) and left that part of the Heavens where the Co-
met (hould have appeared clear , and without Clouds.

Yet the air being very high and heavy , as the Barome-

ter (hewed, the upper parts of it were Co filled with the

dawning light of the morning, that neither the Blaze

head or Star of the Comet appeared to me in the leaft ;

nor had I any fight of it fince.

The l^e appearance of the great height of vapors in

the air, when it is very heavy, I have often taken no-

tice of , and have obferved , that the twy-light and

Thefc were the moft remarkable circumftances I took
notice of in this Comet, being altogether Phyfica), and
defigned only for enquimg into the conftitution ofthefe
wonderful bodies ; the accounts and opinions we have
hitherto had of them of that kind , being very unfatif^

fadory. Though other Obfervations, to wit, Mathe-
matical, of the way, celerity, and magnitude ofComets
have been profccuted with very much care, and great

skill 5 fuch as thofe of the noble Tjcho^ and the learned

and diligent Hevel/us^ infomuch that I could not expeft

tohavebetter^ yet as to Phyfical remarks , I wanted
much information to be able to fatisfie many difficulties

that occurr'd to my thoughts
, upon enquiry into the

particular natures of them. I did therefore, as I de-
figned, employ all the time I could get ofobfcrving this

Comet, in taking notice of fuch circumftances as I

Judged would be pertinent to refolvc any of thofe Que-
ries T had formerly made, in order to find out the nature
of Cometh in general. And though the littk oppor-

tum-
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tunity I now had, and die difadvantageous appearance

of this laft were very (hort of giving me that fatisfadi-

on in manypaiticularswhich I wiih'^ for,and expefted at

firft, yet fince they may pollibly (erve for hints to others

that may hereafter have better oportunity than I , and
that I might underftand what material ob)cdions could
be made by obfervers from preceding Comets, and that

they might for the future more diligently take notice

of what fromthefe queries and hints may be judged fig-

nificant tothisdcfign, fuch as they are I have here puS-
liihed as I had done formerly by my Ledures in G/*-
/b*z/»-Colledge,thofe which I bad made of thofe in 1664.
and 1665.

Now before I come to make reflexions upon thefc re-

marks, I thought it might not be improper to addfomc
few of thofe things concerning thofe two former Co-
mets oblerved by me in the (aid years. I fay, fome few,

becaufe it would be needlefstofet downall
, efpccially

fUchof mine as do agree with others fince pubhlhcd.

I did therefore foon stfter I had feen the firft Comet, to

wit, December 2"^, 166^. propound to my felf certain

Queries neceflary to be anfwered , in order to find out

a true theory of them , and directed my Obfervations

accordingly 5 and they were thcfe.

Of what fubftanccits body, beard, and blaze is ? and

next , of what magnitude each of thofe parts appear,

and of what real magnitude they are?

Other Qijeries were concerning its denfity and rari-

ty, its mutability or immutability ^ that is, whether k
diifolved and wafted or not ? whether it were fluid or

folid > whether it participated of gravity or levity >

Whence it had its light, colour, &c.
What was the figure of the Star,Radiation,Blaze,€^r.'

Whether the Blaze were always oppofite to the Sun,

#or delleded ? whether ftraight or bended, &c.
What kind of motion it was carried with? whether

in a ftraight or bended line? and if bended, whether

in a circular or other curve, as elliptical or other com-
poua-
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pounded line, whether the convex or concave fide of

that curve were turned towards the earth } Whether in

any of thofe lines it moved equal or unequal (paces in

equal times ?

Through what parts of the univerfe it moved , and

how far diftant it was at feveral times? Whether in the

lower Regions near the Earth in the Atmofphere , or

near it, or in the Heavens, or fluid ^ther, with which

thefpace of the Heavens is filled > Whether above or

below the Moon, &c.
Whether it wafts, and is difperfed and confumed } or

whether it lafts and endures for a longer time ? If it

lafts. Whether it ever appears again ,
being moved in

a circle 5 or be carried clear away, and never appear a-

gain, being moved in a ftraight or paraboloeidical line?

Whether it be colleded or generated when it firft ap-

pears ? and diflipated or deftroycd when it dilap-

pears ^ or whether the (everal dlftances of it do not

make that appearance ?

Whether it may not have (bme fuch propriety, as the

Star in Ce/c, whereby it may fhineand appear for a cer-

tain period , and again lofe its light , and dilappear

by (everal viciflitudes ? and whether that may not
give fome account of the appearance ofCo many Comets
about Aries ^

Firft,As concerning the matter or fubftance of the Nh-
§lcifs Star or body,of the hazy (hining part encompa(Cng
it, and of the Tail or Blaze : I fay, that by comparing
all the circumftances that I was able to take notice of
from the beginning to the end, I found that the Star in

the head was of a very compared and dcnfe light, and
almoft equalled that of Saturn ^ though it were not like

that confined by an equal limb : that there were fome
parts diftinguiftiable in this body, (bme having a bri(yht-

cr, others a fainter light. That the(e parts did "not
continue the (ame,but confiderably varied,which might
in part be caufed by the differing pofition of thofe^arts
which were leen before, from thefame fecn afterwards,

in
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in refped of the eye , fituate on the furface of the

Earth, moved one way , and the Comet moved ano-

ther 5 though I do not conceive it wholly alcribablc to

that, but partly alfo to a real alteration of the parts of
the Comet. That I did very diligently watch to ob-

ferveif it were pofllble, when it pafs'd over any fix'd

Star to find whether it were tranfparent ^ as I had fe-

veral times obfcrved the tail of it to be even in its

brighteft parts, but I had not the opportunity 5- but that

I did feveral times obfcrve the tail of it tranfparent, not

only with the naked eye, but through a Telefcope: if

at leaft the fixed Stars be above it , which I think few
doubt, that the light diminifh'd by degrees towards
the extremes ofthe hazy part encompalTing it^ and yet

the extremes of it as to that part of it which refpc-

^ed the Sun , feemcd pretty evenly and fmoothly de-

fined, efpecially through a Telcfcope : From all which
remarks, and from the velocity of its motion , I con-

jecture it to be m^e up of folid matter, not fluid j that

the body of it efpecially , is confiderably dcnfc, but

that the hazinels or Coma about it ismuch more ratified,

and the tail thereof is moft of all. That this body is en-

compallcd with a body moft fluid , and ealily permea-

ble, and which doth with very httlc rcfiftance give

way to the motion of it, or any other body through it,

that it doth eafily admit at leaft (if not actually take in-

to it felf; the parts of this body, Coma^ and Blaze. I

fay, admit at leaft, (though there may be many reafbns

alledgcd that it doth afhially prey upon, and diffolve

thofe parts into it felf, as I (hall fliew by and by) be-

caufethat we find that the extreme parts do extend but

to fuch a diftance, and beyond that there is no appea-

rance of light , and that the light is from it felf, and

not produced by refraction or reflexion of the beams of
the Sun,l lliall (hew reafons by and by.And confcquent-

Jy ,where there is moft light appears,there are the great-

eft number , and there is the grcateft denfity of the

Comctical parts. The middle of the body may be as

C denfe
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denfe as the body of the earthy and I have not obftr-

ved my felf, nor met with any body clfe that hath taken

notice of any thing to the contrary : If I could have

feen any Comet to have covered any Star in its way , it

would have afforded a very circumlbntial information,

cfpecially if for this purpofc it had been taken notice

of with a good Telefcope. What the denfky of the in-

nermoft parts of this Earth we live on is, none knows 5

for though we find the parts on which we tread to be

very compad, and though by the induftry of Miners it

hath been proved fo alfb to the depth ofmany hundred

foot, as Georgius Agrkcla relates : and though it hath

been found (b even to a greater depth by the foundings

of the bottom of the Sea, yet none can bring an unde-

niable proof that the fame is fo folid to Q 5 miles deep,

much Itfs that it is fb to the center : if therefore the ex-

ternal Qiell of this Globe were broken, and removed,
'tis not impoffible but that the middle parts thereof

may be of the lame nature with the ffliddle parts of the

Comets body ^ and that thofe parts (were the fuperfi-

cial parts or fhcll removed) might , like thele of Co-
mets expand themfclves into the encompaffing ^ther.

Nay we find , that notvvithftanding the compaded-
nefs of the fuperficial parts of this Earth, yet the^ther
is able to take up into it felfvaft quantities of them, and
to keep them fufpcnded ; fome of there, even to the

height of many miles , if any argument may be drawn
from the height or length of the dawning or Crcpufat"

lum ^ and this
,
notwithftanding the attraction of the

Earth in its perfedt vigor , or the gravitation of thefe

parts thus taken up , or their endeavour towards the

center of the Earth. How much more freely then

might we imagine the encompafCng -^ther to prey up-
on, and take up into it felf the internal parts, if they

were of a loofe and pervious texture, and almoft in a

ftate of fluidity, like a heap ofSand, or a vclkl ofAla-
bafter-duft in boyling, and were not fb firmly united
by the bonds of gravity , and the vincvlnm of petrila-

dtioD,



[ II 1

ftion, as we find the fiiperficial parts of the earth now
arcThcre is one argument to prove to us,that theremay
be fuch a loofencfs of the internal parts ofthe e«rth,and

that is that the magnetical virtue varies, which virtue

without controverfie diffufed through the whole body
of the Earth, and which hath a relation to the whole
Globe, and to every magnetical part thereof. For by
obfeivation 'tis found, that the magnetical virtue ads
upon a needle without it, as the magnetical virtue of

a round Loadftone doth on a Needle applied without

tfiat, which, as I may elfcwhere (hew , hath a refped to

the center of the ftone differing from all the refpetfls

that Authors have hitherto afcribed to it , even of Gil-

bert, Kepler, Kircher , Defcartes , and our Country-

man Mr. Bond, who I think was the firft man that

endeavoured to reduce the variations obferred by
Wright, Gellibraftd, Cofier, &c. into a Theory and calcu-

lation. Now this magnetical virtue, (which may be cal-

led one emanation of the Avima mundi, as gravity may
be called anotherJ being difiufed through every part of

it , and feeming to be , as it were Tota in toto

tota in qualihet parte, and to be more fpiritual, and

to aft more according to Magical and Myftical Laws

than Light, Sound, or the like, it giving to every mag-

netical body, and every piece of it, though infinitely

divided , the fame proprieties it hath it felfj This

magnetical virtue, I fay, having fuch a relation, and be-

ing forced thus to vary, 'tis very probable that the in-

ternal parts to which it hath a refpedi:, have a variation

likewife, and confequently , that thefe internal parts

U'hich are fuppofcd generally very denic, compa*^, and

rery clofely and folidly united, may be notwithftanding

moreloofe, and ununited, and movable from certain

ca ufes.

To proceed therefore, I fay, that it fecms very pro-

bablc to mc,that the body of Comets may be of the lame

natvire and conflitution with that ofthe internal parts

of the Earth, that thefe parts may ,
by the help of the

C 2 i^ther.
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^ther, be fo agitated and blended together, as to make
them work upon, and iiflblve each other in the fame

manner , as we have often had examples of fome of
the parts of the Earth ^ a late inftancc of which was at

Mofigihclox JEtna m Sicily ^ where the Fire continued

for a long time, and produced very confiderable effeds.

That this internal, agitation may confound the gravita-

ting principle, and fo leave the parts in a greater free-

dom to be diflblved by the encompafling Ather, which

is the agent that lets the other two at work to deftroy

each other, that it may at length prey upon both , and
dilTolve them both into it felt, and confequently , noc

only the parts thus difTolved arc elevated to a greater

diflancc from the center of the Star or Nucleus , or the

fuperficics of it, whofe gravitating or attradive princi?

pie is much deftroyed , the Comu being in this Comet
four or five Diameters of the Star or Nucleus : but har

ving given thofe prts leave thus far to ramble, the gra-

vitating principle of another body more potent adsup-
on it , and makes thofc parts feem to recede from
the center thereof, though really they are but as it

were, left behind the body of the Star, which is more
powerfully attraded than the minuter ftcaming parts

:

for, I fuppofc the gravitating power of the Sun in the
center of this part of the Heaven in which we are,hath

an attradive power upon all the bodies of the Planets,

and of the Earth that move, about it , and that each of
thofe again have a refped anfwerablc, whereby they
may belaid to attradtheSun in the fame manner as the
Load-f^onc hath to Iron,and the Iron hath to the Load-
f\onc. I conceive aUo that this attradive virtue may a(i

likewife upon feveral other bodies that come within the
center of its fphercof adivity, though 'tis not improba-
ble ahb but that as on fome bodies it may have no effed
at all, no more than the Load-ftone which ads on Iron^
hath upon a bar of Tip, Lead, Glafs, Wood, &c. fo cm
other bodies, it may have a clean contrary effed , thax
i5j of protrufioD, thrufting ofl , or drivipg away , as
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we find one Pole of the Magnet doth the end of a

Needle touched ontheoppofite part 5 whence it is, I

conceive, that the parts of the body of this Comet (be-

ing confounded or jumbled, as 'twere together , and
fo the gravitating principle deftroyed} become of
other natures than they were before , and fo the bo-

dy may ccafc to maintain its place in the Univerfe,

where firft it was placed. Whence inftead of continu-

ing to move round forae central body, whether Sun or

Planet, as it did whilft it maintained it felf entire, and

fo had its raagnetical quality (as T may fo call it) uncon-

founded , it now leaves that circular way and by its

motion (which always tends to a ftraight line, cind

would be fo were it not bended into a curve by the at-

tractive virtue of the central body) it flies away from

its former center by the Tangent line to the lafl place,

where it was before this confufion was cau(ed in the

body of it. In this line ('tis probable^ it pafles from

one part of the Heavens to another , and fo paflcs

through the fpheres of the adivity of multitudes of

central bodies 5 in the paffing through which fpheres,

'tis not improbable that thofe partswhich by their difTo-

lution are made of a nature differing from the body in

the center, are rather expelled from, than attracted to-

wards it ^ and fobeingby this diflolution rariHed, and

loofened from the middle, and by their ading upon one

another, and dillolution of the ifethcr made of another

nature, after they have every way difperfed themfelves

to a confiderable diftance from their proper body, are

converted and driven in a way almofl oppofite to that

expelling body , and fo continue to be driven away

to fuch a vaft diftance, as to make out that prodigious

length of the tail or Blaze of fomc Comets (fuch as

was that of 16 18. which,as iCc/?/fr reports, was exten-

ded to 70 degrees from the body or.head of it) till at

laft they are diflblvcd alfo , and commixed with the

^ther within them. So that though I fuppofe the at-

tractive power of the Sun , or other central body may
C 3 draw



draw the body towards it, and fo bend the motion of

the Comet from the ftreight line, in which it tends, in-

to a kind of curve, whole concave part is towards the

Sun, by reafon that there are fome central parts of it,

which are not yet deftroyed, and fo retain fomewhatof
its gravitating principle; yet I conceive that all thofe

parts of the Comet which are thus wrought upon by
the other, and changed into another ftate, and are ve-

ry much rarificd, and produce light, are ofa clean con-

trary nature, and recede from the center ofthe Sun :

much after the (ame manner as we find any combultible

body with us 5 as Coal, &c. where we find that the

body of the Coal, before it be refolv'd into fmoke , is

a very denfe, and very heavy body , and tends to the

center of the earth, but the parts thereof agitated by
the Air and i^!ther into fteams and fmoke, and thole yet

farther diflblved into flame, do tend upwards, and from

the center of the earth. Now though one caufe of
the recefs of flame from the center of the Earth be
the gravity of the ambient Air. Yet 'tis not impoirible,

but that there may be lomewhat alio of pofitive levi-

ty conjoyned therewith. Moft certain it is, that there

muft be a tendency of receding, as well as a tendency
of approaching the center ofthe Earth , and othep at-

tracting body. And there may be much (aid for the

fuppofition, that the recefs of the pureft^Ether, from
the center, is the caufe of the motion of the gro/fer

^ther, and of all other bodies towards it, though
there are aUo very confiderable arguments againft

it. But this dilcourfe is not my prefcnt bufinels, though
it may hereafter be the fubjedl of a Ledurein this place,

for upon it do depend (bme of the greateft operations
in the univerfe. And as in the Hiltory of the Creation,
we have an account of the produftion of light, imme-
tJiately after the making of matter, which is a motion
of recefs from the center of the thining body. Next
that, a Firmament which divided between the waters or
the fluids of the one, and the fluids of another part of

the
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the world. And in the third place, the colleftions of
particular fluids to one center , as the center of the
Earth : and laftly, out of that colledion of fluids ap-

peared the dry and folid land. So I conceive the mofk
proper way of fpeculating on thelc great produdions
of the omnipotent Creator

, may be to begin with the

confideration of light, or the motion of recefs from the

center of a body. Ncjct , with the confideration of
the caufe of the feparating of fluid from fluid , as iE-

ther from iEther, as Imay focalldiflx^ringi^lthers, be-

caufe we have not yet diftind names in ufe , and the

reafon of their conglobation, the iEthcr from the Air,

the Air from the Water , the Water from Quickfilver,

Oyl, or other fluid. Thirdly, the caufe of the conglo-

bating property of each of thefe fluids when fepara-

ted , how they accept and embrace Homogeuea , and
rejed or expel Heterogenea. And fourthly, how they

condenfe and fettle together, and produce a folid bo-

dy ; whence proceeds the confirmation ofattradion or

gravitation, d^c. But to digrefs no further , but con-

clude this part of enquiry in fhort , I fuppofe the AV
cUffs or Star of the Comet may be much of the like na-

ture with the central parts of the Earth, Moon, Mars^

Jj/piter^ Suturn^ or other Planets , but much impaired

in its attradive or gravitating power. ^
Next, that the Coma or Hazy Cloud about it, imy be

ofthe nature ofthe Atmofphereor Air about the Earth,

or the Smoke or fleams about a heated or burning body,

before they arc quite kindled, converted into Flame, or

diflolved into the ambient Air.

Thirdly, that the Tail or Blaze is much of the nature

of the parts of Flame, though with thofe differences I

conceive, that the parts of thele fleams are not fo clofe

together, as are thole of Smoke : nor doth the motion

of them, though much fwifter upwards than that ofour
Flame, ferve to make thera appear a fliining line^ but

being at that diflance, they appear much flower to the

eye, and fo difcontinue the appearance 3 whence every

(hining



ihining particle appears only a (hining point, though in

the parts of flame ("where notwithftanding the motion

be much flower, yet being nearer , and fo varying the

pofiiionto the eye much quicker) each of the (hining

parts makes an appearance of a line of light, and all of

them paflTing pretty near together , make the appea-

rance of a continued fluid flame 5 though that indeed

be nothing but a great number of fmgle parcels of the

burning body , rai(ed up in the particles of Smoke.

This will appear evident if we confider the appearan-

ces eafily to be taken notice of in light : for 'tis obvi-

ous from multitudes of experiments , that any (hining

body , as 1 candle or brands end ,
being moved very

quick, makes the fame impreflion on the eye, that a line

of light doth ftandingftill ; And as obvious alfothat

any very light body incompafled with a dark ntedium

appears to the eye under an angle bigger than really it

is, and a dark body cncompafled with a light medium
much lefs. This any one may prefently (ind, if he make
a (mail hole through a thin plate of metal , ^nd holding

it fir(l between the light and the eye , and fo feeing the

light appear through it, and then placing it fo as there

is nothing but darkncfs appears through the faid hole,

for he will plainly perceive that the fame hole will ap-

pear much bigger in the former pofition than in the lat-

ter. <fclIpon this account indeed each of the (hining

parts of the Comet (eems to fill and occupy a much
greater (pace than really it doth : and fo , as 'tis obfer-

vable in the milky way, a great number of thefe fmall

(hining bodies though difperfed at aprettydiftance one
from another, yet by rcafonofthe impercepiiblenefs of
each of them they all feem to coalcfce into a (treara or
Blaze of light, the brightnefs of which is yet farther

augmented by a clear and unenlightened air, and by
fucha part of the Heaven wherein there appears fewef^

of the Stars, whether they be greater or lelfer.

.1 To
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To the Q^^xyfif vphat magnitude the Body^ Coma,W

Blaze ofComets may k^No anfwcr can be given until an-
other queftion be firft anfwered^ and that is^lVhat is the

place ofComets^aad what is their dijiatiee from the Earth ^

It was the opinion of moft Modern Writers before

Tycho Brake and Kepler (\ know divers of the Antients

thought otherwife) that Comets were fublunary Me-
teors, drawn up into the higher Regions of the Air,

and there (It on fire, and lb continued burning till the
Meteor were confumed j and as the matter increafed,

or wafted , (o did the appearance of the Comer. But
this noble Dane , and (everal others about that time

found by accurate obfervations made, that its Parallax

was lefs than that of the Moon s and confequcntly,

that it wasfanhcr diltant from the earth : that it muft

be a body of another magnitude, and nature, than moO:

before that time had imagined ^ and therefore that it

ought to be otherwife thought of than the generality

of mankind believed concerning it. Many had been

the attempts of former Writers concerning them , to

find out their parallax ^ and whether from their unac-

curate inftruments, or from their lefs skill and diligence

in ufing them , or from an imagination of the folidity,

and impenetrability of the Coeleftial Orbs, or from er-

ror in their calculations,or from comparingObfervations

made at diftant places , one or both whereofwere un-

accurate, or from a prepoGeffion of Tradition or com-
nnonFame, or from what other caufe (bever it were is

uncertain 5 but 'twas generally concluded by them,

that all Comets were liiblunary Meteors ; and there

aie not even at this day wanting fome of the fame

opinion, though for what reafbn I know not. Twill be

hard to convince fcmc of ihefc, that the opinion they

have hitherto received for good, is not (b, becaufc they

will hardly give themfclvcs the trouble of examining

ftridlly into the matter : And to underftand the nature

of Parallaxes , and how lignificant they are in deter-

mining the diftanccs of bodies from the furfacc of the

D Earth
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Earth, to certain degrees thereof5 beyond which

,
by

rcafon of the impcrkdions in Inftrumcnts, and Obfer*

variony, and the exceeding nicenefs and curiofity ncceG-

fary, they fignifie very little. It is not my prefent de-

fign to explain what Parallax is , that I would fuppofe

my Reader to underftand ^ otherwife there can be no
reaionfhewn him to convince him that 'tis poffible to

prove that this or that Comet was not nearer than (b

many femidiametcrs ofthe Earth, nor farther off than

(6 many. There are then two ways, by which we may
come tofome certainty ofwhat diftance a Comet is, and

thofe are, firft the Parallax of its Diurnal motion, or its

Parallax caufed by the Diurnal motion ofthe Earth.And
(ccondly, the Parallax of its proper motion compared

with the Periodick or Annual motion of the Earth. The
firf^ of thefe may be obferved two ways 5 either by two
Obfervers at parts of the Earth very far drftant from

each other, but as near as may be unaer the (amc Meri-

dian : as fuppofc the one in Lcwdoft^ the other in St. Hi*
lens ^ both confpiring in their obferv'mg of the place

of the Comet amongft the fix'd Stars at the fame time

Or fecondly,by one Obferver in the fame place, by ob-

ferving the place of it amongfl the fix'd Stars, in its ri-

ling or fetting, and in a greater, or if it may be, itf

^eateft height : The noble Tjchv by very accurate

Obfervations of the Parallax ,
proves the Comet

of. 1577. to be above the Moon. Kepler by his

own Obfervations proves that of 1607. at its begin-

ning to be four times fiirther diftant^and I doubt not but

fomemay have been above forty times farther.But I do
not yet find that any Obfervations have accurately de-

termined that which is indeed the great help by which
we are inabled to judge of the nature , and all the o-

ther accidents and proprieties of Comets. The Arijh-

teliMft Pbilolbphy for a long time prevailing, made the

world believe themtobe nothing but Exhalations from
the Eaiih, drawn up into the higher Regions of the Air.

But Tjiih by his Obfervations of their ParaHax, raifes

them.
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them out oftliat confinement, but yet he frems to place

them in an Orb about the Sun. But Kepler frees them
from that confinement , and afligns them the Univerfc
to expatiate in. But none of all thefe do accurately

prove the true diftance of them, their Parallax being

Jor thc moft part fo very fmall, that I fear Inftruments

with common lights will hardly reach them. But wc
mufl: expcft from future oblcrvations made with Tele-

fcopical Inftruments to receive a certain Anlwerto this

Query. Certain I am, that the Comet which began
to appear in November i66^, anddifappear'd in March
foUowinc;, was far removed beyond the diftancc aflign-

ed by Kepler, For by my own Obfervations divers

times repeated , I could not find any (cnfiblc Parallax,

though 1 endeavoured by a new method to make my
Obfervations more accurate. Now though I had not

the convenience of making ufc of a Quadrant, or any
fuch Inftrument, to obfervc its place when near the Ho-
rizon, yet the way I took, would,! think, be as good j

which was this : With a very good fix foot Perfpedivc-

glafs or Telefcope, I oblerved the place of the Comet,
in rcfpedtof the adjacent (mall Stars, as foonas it ap-

peared, and fo traced its way till it difappearcd in the

vapors of the Horizon : the like I did (cveral other

days fucceffively, taking notice by what degrees , in

what times it made its progrefs, to fee whether by its

Parallax, when near the Horizon , it would have been

deprcfk below tliat line of its motion , which it kept,

when at a greater height above it. But though I tried

this (everal times, yet I was not able to difcern that the

Parallax of it caufed either any (enfible bending of the

hnc^ox any ftnfible inequality in its progrcfs,by which I

fhould have fooner found it,than by taking its altitudes

with common Inftrumentsrthough I confcfs thefe Obfer-

vations were made when the motion of the Comet was
flow , and confequently , when in probability it was
far diftant from the earth. To me there (cems no doubt

but that it was a long way removed above the Moon
D 3 when
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when 1 made thcfe Obfervations : for had it been of an

equal diftance with that they allow the Moon, it muft

this way have manifefted a very fenfiblc Parallax of di-

vers minutes : but whereas I could not certainly diftin-

gui{h any fenfiblc at all , it muft be many times higher

than the Moon. Now that this way is abundantly to

be preferred before an Obfervation made with a Qua-

drant for the taking of its altitude , is pretty evident ^

becaufc, by this means the greateft part of the irregu-

brity, caufed by the refrad^ion or inflexion of the Air

is removed s for by this means, though the Parallax be

very large, yet the refraftion or infle<aionof the Air

' will not amount to many feconds , both the objeds be-

ing almofl: equally raifcd by refradtion, efpecially when

5 or 10 degrees high 5 nearer than which the fmall Stars

vaniftied out of fight by the thicknefs of our air. It

follows therefore that a Scmidiameter of the Earth

muft be a very inconfiderablc meafure in its diftance.

This part therefore of the Theory of Comets hath

been mucb defedive hitherto. If we enquire the

Parallax of them from the Obfervation of divers men

made in differing places, we (hall find them fo differing

one from another, that there is great reafon to fufpeS

them all : Nay, not only (b,but in this Comet of 1664.

by comparing two Tables or Charts of the Stars, and

Conftellations of that part of the Heavens ,
through

which the Comet paft , on which was alfo marktout

its way and place from day today, both of them Prin-

ted from Copper Plates, I find that ftrange errors and

miftakcs may be created, notwithftanding all the Au-

thors care and accuratencfs pofrible,from the carelefnefs

or. negled of the Graver : This I noted in the two
Tables of the learned and accurate Mathematician,

p. JEgidius Francjfc/fs cie Gotigvia^ (whofe skill and

care from other works of his and other Obfervations of

this Comet I am fufficiently afiTured of) and found

that by the firft table upon the \\ oiDccmber^ 166^ it

wa.

»
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was in 4!: of ^ in Longitude, and in 35 ! of Southern
Latitude ^ but by the fccond it is placed at the fame
time in 4" for its Longitude, and in 34^ of South La-

titude. And this error is not only committed in the

place of the Comet, but alfoin the place of the fix'd

Stars : for Riget in the firft Table is placed in 30I South
Latitude , and in 1 2 f for Longitude, but in the fe-

condin 31^ South Latitude, and in 11 y n for Longi-
tude : both which differ confiderably from the place

of itafligned by Riccioli and Grimaldi-^ according to

whofe Obfervations it fhould be in 31. 11' South La«
titude, and I2^ 11'. 40". 3t in Longitude.

Now if there be thefe differences to be remarked in

the Obfervations of one, we cannot but expedt that

much more difagreement (hould be found between

thofe which have been made by differing perfons in dif-

fering places, and with differing ways, and differing

Inftruments, And upon examination I have found it no
better : for from comparing fuch Obfervations as I

havereceived from feveral parts of the world, even of
thofe which have feemed more than ordinarily exaft, I

find them for the moft part fo unaccurate, that though

they fufiiciently manifeft that the Comet of 1664.

which lafted above four months, was vifible in mofl

parts of the world, and feen to pafs in all thofe places

pretty near in the fame way amongft the fixed Stars.

Yet they are fo far from iranifcfHng the Parallax , that

.

fomeof^them make the place of the Comet to be quite

contrary to what Parallax would make it ^ fomeofthe

Southern Obfcrvators placing it much more South-

wardly than thofe of the North. Others indeed of
them make the Parallax fo great, that one might ghefs

it to be not fo far removed from the Earth. Something

indeed in the general might be gheft of the way ofthat

Comet amongft the fix a Stars, efpccially when it ap-.

proaches them pretty neanbut for exadtnefs of Calcula-

tipn for Parallax, they were no way ufeful. . And evca
D. 3 . inr
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!n the former ufc too it feems very doubtful for com-

paring the Charts of the Comets way amongft the fix'd

Stars publifhed by that diligent and unwearied Obfer-

vcr Mr. Hevelius of Dant%ick.y the above-jnentioncd

P. Gottignies^ Profeflbr at Rome , and Monfieur Petit

of Parh^ 1 find, that the two former make the way of

the Comet to lie below the Star in the Bill of Corvus^

whereas the later, though in a Latitude interpoled be-

tween the parallels of the former , makes it to lie a-

bove, or to the North of it : and with him agree fbme

Obfervations which I have feen of Monfieur Hi/ge/tiuf,

Other difFerences I found bctwcen^thofe Tables in the

way of the Comet of 64. near the middle of its arch 5

wherein Monfieur Hevelius all the way places it more

Southward than cither Monfieur Petit , or P. Gottig-

fiies : for whereas both P. G^//7g;//ej, and Mounfieur

Petit make it pafs above the Star of the third magni-

tude in the right fhoulder of Lepf^-f^ Vfonfieur fSve-

lius makes it move below it,which (eem to be afcribablc

to Parallax. But I fear much cannot be concluded of

certainty from them.

I fliall not trouble the Reader with a multitude of

other Hiftories, which I have received concerning that

Comet of 64. nor with the di(as;reements of them one
with another , and perhaps of moft with the truth.

They have given me fufficient trouble in the examinati-

on of them, having little other benefit from them, lave

only this , that I was thereby informed what a man
might think of a great number of Aftronomical Obfer-

vations that have been made ; for,(aving the exadt Ob-
fervations of fome few fuch, as Mr. Hevelius^ Mr.Anrout^

JR. Gottigtties , &c, truly diligent and accurate men,
the greater the Colledlions of Obfervations are , the
more trouble and difficulty is created to the Examiner 5

they not only confounding one another , but perplex-
ing thofe al(b which are real and perfed.

Now the reafons or caufes of thefe inconveniences
feem to be thefe.

Firft,
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Firft, the want of accurate and knowing Obfcrva-
tors.

Secondly, Thefcarcity of convenient Inftiiiments'.

Thirdly, The Imperfedion ofthe Tables of the fix'd

Stars.

For the Obfervators, 'tis not enough to know how
to manage an inftrument, or to have a good eye , or a

dextrous and fteady hand , but with thcfe there muft
be joyned a skilfulncfs in the theorical and fpeculaiive

part, and add to all a love and delight in the thing it

felf 5 and even all thefe will fignifie but little, without
convenient and accurate Inftruments , fuch as may be
cafily manageable and fufEcienily exad.
The firft of' thefe the love of the ftudy being in ic

felf the moft excellent, or the encouragement of Prin-

ces, Noblemen, and other Patrons of this Learning

muft procure : and where both oftheie concur, thence

moft is to be expeded, and moft fruit hath hitherto

been proceeded j though there arc not wanting divers

eminent inftances where the firft reafon hath bten the

only inducement.

As tothc fecond, I have already in fbmeof my for-

mer Ledlurcs defcribcd fcveral convenient ones for

thefe purpofcs 5 and therefore I (hall: not here add any

xHore concerning it.

But asto thethird , I hope the indefatigable labour

and skill of Monfieur Hcvelius wiU fhortly lupply the

prefcnt defeat, though it had been much to be wifli'd,

that the Inftruments he had made ufe of had been fitted

with Telelcopical fights. Thefe Tables , if well done,

wiJl alone (as to the bufinefs of Comets at Icnft) fupply

the place of all other Inftruments almoft, fave only a

thread, efpecially if they be fo delineated in Tables af-

r^r the Tangent projection, as that the minutes of eve-

ry degree may be very diftinguiftiable, which will not

fwell the Maps of the Heavens into an extraordinary

Jiirgc volume, and may poflibly be the cheapeft Inftru-

merit for this purpofe an Aftronomer can be furniQicd

withal

:
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for having fuch a volume of Tables, it will be

very cafie with q thread and one's eye, Icrecn'd only

wiihafpeftaclemadeof athinplate of BraG, with a

fmall hole through it, inftead ofa glafsjto obfcrve what

place the Comet poileflbth amongft the fixt Stars : for

having by the help oi the faid thread obferved what

two Stars lie in the fame line with the Comet on one

fide of it, and what other two Stars lie in a line with

it, which is at right angles ("as near as may be) with the

former line, by finding out thofe four Stars m the Ta-

bles , ordered according to the Tangent projedion,

and with a Ruler, drawing lines over them refpedivc-

!y, where thofe lines do intcrfed^, there will be the true

place of the Comet, from which it will not be difficult

to find out the true Longitude and Latitude of it by a

Sedlor with Tangents. Now as thefeTablcs of all the

fixt Stars vHible to the naked eye,would ferve for find-

ing itsplacc whilft very bigand fwiftof motion, fbthe

like Tables of the fmall Telefcopical Stars that lie near

its-way, when almoft difappcaring , and moving very

flow, will by the help of a pair of meafuring Compaf-
fcs placed within the eye-glals of the Tclefcope, and a

ftraight line or hair drawn crofs it, ferve to find the true

motion and way of it, when only vifiblefwith a TeJe-

(cope ; according to which method I made the annexed
Schemes, and Obrcrvations of the lafl appearances of
the Comet.
Now fince neither fi-om my own,nor from any other

Obfervations that I have hitherto met with , there can

be any certain conclufion drawn ofthe diftancc ofthefe
Comets, lave only this, that their diftance was very

great, and much higher than the body of the Moon,
becaufe elfe there muft have been a confiderable Pa-
rallax caufed by the Diurnal motion. The next enqui-
ry will be, what other ways there are of knowing its

diftance. Now though none could be more demonftra-
tive than the Parallax found this way by the Diurnal
motion, yet there are fome other which Icem more eafie

arififig
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arifing from the confideratipn of the motions that may
be thought to be concerned in the producing the appea-
rances. And though they be wholly hypothetical, and
fo need fome other arguments to prove the ground and
principles on which they are founded, yet fince there

arc not very many confiderable ones wanting to
make them probable and rational, I (hall here add
fomcwhat of my inquiries after the diftance, pofition,

motion, magnitude, &c. of thefe Comets by thefe

means.

Of thefe ways there are (everal depending upon (e-

veral fuppofitions which produce very differing ctfeds,

as to the magnitude^ diftance, motion, and way of the

fame Comet.
The fuppofitions are thefe

:

Either that the Earth moves in an annual orb about

the Sun, as the Sun is fuppofed by others to move
about the Earth ; Or that the Earth is perfedly fix'd,

and hath no fuch motion.

Next, that the Comet moves either in a ftraight line,

or in a curve line 5 and the curve is either a circle, or

fome other regular or irregular curve.

Further that the motion of the Comets in thefe lines

js either by eaual or unequal fpaces in equal times.

Now according as we take this, or ihofe of thefe dif-

fering fuppofitions, and compound them together , fo

will the product ofthem be ftrangely diflering.Amongft

the great variety of compofitions of thefe principles or

fuppofitions, thefe fcem the moft fimplc , and confe-

qucntly being any otherwife proved , will befi: deter-

mine the true diftance and way of the Comet.
FirO, To fuppofethe Earth to fland flill, and the

Comet to move equal fpaces in equal times in a circle.

Secondly, To fuppofe the Earth to move in an an-

nual Orb about the Sun , and the Comet to move
through the i^lther or Exfanfrm^ equal fpaces in equal

times in a ftraight line.

Thirdly, To fuppofe the Earth to move fas above)

E in
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in its annual Orb, and the Gomctalfo to move equal

fpaccs in equal lines in a circle.

The other are indeterminate and infinite , and no-

thing can be concluded from them as to the diflance,

magnitude, motion , &c, of Comets ^ for the line or

way of the Comet may be placed at any difhnce, if we
will fuppofe it moved in an uncertain curve, with une-

qual degrees of velocity; And indeed, uponafuppo-
fal of an inequality of motion, nothing of its way or

diflance can by any of thefefuppofitionsbe found out.

This fault had that of Tjfchd Brake, where he fuppofed

an unequal motion of it in its Orb about the Orb of
Verrus, which was founded upon the firft Hypothefjs,

but had introduced into it (brae inequality or motion 5

befides his own fuppofition, that k was moved about

the Sun, and the Sun about the Earth. See the fifth

Figure. Keplers way , which was after the fecond

Hypothcfis, had the fame fiiultj for he fuppofed the

annual motion of the Earth , and the motion of the

Comet in a flraight line , but introduces an accelera-

tion of motion in the Tangent towards the latter

end.

The third way I have here taken, and from the beft

obfcrvation Icould meet with, I have delineated its re-

fpeds or angles to the Sun : and accordingly fuppofing

it to move equal fpacesin equal times, in a curve which
for fb much of it as the Comet was obferved to pafs

was very near a Circle, I found this Circle would fall as

it is cxprcfs'd in the fcventh Figure, where 'tis obvious

to take notice, that when the Comet was nearefl to.

the Earth, namely, aboutihe 19. or 20. of December^

that it was not nearer than an eleventh part of the di-

flance of the Sun^ that on the 25, it was twice as far,

that on the 29. itwas four times as far 5 that on the 15.

of laMuary it was as far as the Sun , and on the x 4. of
February it was above twice as far diftant as the Sun.

That this way or Orb of the Comet is here bended fo

as (if it were an entire Circle;) one part of it would



go without the Orb of JupTtcr , as the other which i$

here delineated comes within the Orb of the Earth 5

that the plain of this Orb is inclined to the plain of the

Ecliptick about 18 degrees, that if from feveral parts

this Orb perpendiculars be let fall upon the Plainofthe
Ecliptick, thofe perpendiculars (hall fall in an Eilipfis,

part whereof ihall fall within the Orb of the Earth in

a, and the oppofite without the Orb of ^ in^^. That
the Comet moves a Sextant of this Orb in about 130
days, and confequently if its motion Qiould continue

the fame in fuch a Circle , it would appear about Fe-
bntary^ March^ 01 April^ i66y. but being fo far remo-
ved towards the South Pole, will here hardly be feen

:

but by thofe that live towards the South, it may appear

to have (bme fuch motion by the South Pole , as that

of 1 6 18. had by the North. And 'tis notimpoffible,

but that the Comet of 1618. might be the fame with

this, if we fuppofc the Nodes of it to have a motion
contrary to the order of Signs : and that the fame Node
which in this Comet, according to thb fuppoHtion was
in 31, was then about ^ or ; : but thefc as conjcfhires

I (hall not infift on, be^aufe neither in this , nor in that

have we Obfervations fufficiently accurate to build

any Theory upon. Now though upon thefc fuppofiti-

ons the motion and appearances of the Comet feem to

be very regularly , ana very naturally made out
,
yet

'tis not the only Hypotheiis for that defign ; nor do I

believe it Co evident a demonfVration for that end , as

fbme would fuppofe 5 though for other reafons I am
apt enough to think that opinion of the Earths motion

very probable : but the motion of this Comet is fo well

maae out, by the contrary fuppofition , that I think it

may be alledged.fora greater argument againft the mo-
tion of the Earth , than for it : for if we only grant

one of the former fojiulata ,
namely, that the body of

the Comet is moved equal fpaces in equal times , and a

<\\x\tQ comx^xy pojiuUtum to the former ^ namely, that

the Earth remains fix'd as to an annual motion, we may
E 2 find
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find all the obfervations of this Comet ,
efpecially the

rHoft accurate ot them, to happen fo, that the Comet
being fuppofed to be moved »in a great Circle , vvhofe

convex iide is turned towards the Earth, vvhofe center

is extended towards the fix'd * in s j and whole Semi-

diameter is about fixfcore times the neareft diftanceof

the Comet from the Earth, and the Comet be fuppofed

to be moved very near equal fpaces in equal times,

we (hall find , I fay , all the appearances moft exadly

folved , and indeed much more cxadbly than by the

other fuppofition I was able to find any ^ for by this

(uppofition both the magnitude, longitude, latitude,re-

trogradation, ftation, and dirediion of the Comet is

moft exaftly made out as any one might have found

that (hould have by this means examined with me the

obfervations I have hitherto either made or met with :

and indeed all the Obfervations hitherto have {o well

anfwercd this Hypothefis, that I do almoft promife my
felf to be able to fee this Comet a month or fix weeks
hence, after the Sun has paft by it ^ if by its exceeding

elongation it be not quite grown out of fight , as it is

now indeed already fo exceeding dim, and faint, that it

cannot be feen without a very good glafs , which will

endure an exceeding big aperture ; nor could I thefe

twolaft nights perceive it, though the Air were clear ^

but the reafon I attribute to its nearnefs to a fixed

*of r : This Hypothefis is explained in the feventh

Figure* By this fuppofition the return of the Comet
will be much longer, and the time of feeing of it much
more uncertain 5 becaufe the curvature is fo little that
the making the circle a twentieth , or a fixtetnth part
bigger or lefs , does not much alter the regularity ^
whence 'tis exceeding difficult, unlefs we had much
more accurate Obfervations than I have hitherto met
with , to determine exadly the bignels of the circle^
and confequently the time of the return. And by tVi'is
fuppofition the Comet may be (uppofed either nearer
Of farther from the Earth at any dilhnce, which is not

con-
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contradifted by a Diurnal Parallax ; that is, it may be

fuppofed either above Saturn, or below the Mooii, or

in any place between ; by fuppofing only , that

the farther the ncareft part ot the Circle is diftant from

the Earth , the greater muft that Circle be ,
and the

fwifter the motion of the Comet in it : to prove which

affirmation,let in the Eighth figure Abe the Earth.BCD

the Orb of the Comet fuppo(cd very near the Earth,

and E F G the Orb of it fuppofed at a greater diftance

:

let H be the center of B C D, and I of E F G, and let

A C be to C H, as A F, to F I, all the lines drawn from

the point A, fo as to cut the Circles B CD and E F G,

fliall divide thofe Circles EFC, and BCD, intofirai-

lar fcgments: as let ABE be a line drawn cutting

thofe Circles in Band E: I fay, the Arch B C lhall be

fimilar to E F. In which Hypothefis if we have toge-

ther with the place of the Comet when ftationary, the

place of it when in its greatefl celerity, perige, or the

places of it when of the fame celerity on each fide ot

Its periee, we have from thence the proportion of the

Radius of its Orb to the petigean diftance, and confe-

Quentlv all the other diftances, the line in which it ap-

pears when ftationary, being the Tangent to the Circle

in which it moves, as A BE, to which a Perpendicular

raifed at B B E, and produced till it cut the line AC,

(-produced) at H H I, it gives the Center of its Orb

H H I, and the proportions of the lines A B AC B H
"
H C, or ofA E, A F, E I^ F I, the Angle B A C,

bcinc given by obfervation. So that by this Hypo-

thefis the Phenomena of the motion and bignefs of

the Comet will be folved, though fuppofed of any

diftance. Nor are thefe the only Hypothefo by which

the hitherto obfetv'd Phenomena may be folv d :
tor it

we will admit an unequal motion, fuch as is now graii-

Ted to all the Planets: and iffUrther we wiU admit .t

,0 be moved in an Elleiplis , or other fuch 1 ke curve,

there may be divers other Hypothecs that will folve the

Phanomenai fothat the Comet may be fuFPo'<^J^^°
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have no motion at all as to Longitude, but only as to

Latitude : that is, it may be fupporcd to be moved in

an Elleipfis, dcfcribed in a pbin which fhall beat right

Angles with the plain of the Ecliptick , and the ways
of the Earth in it ; it may b6 fuppofed alfo to have been
mov'd dired, according to the order of the (igns, that

is, to have been firft about Gemini^ in refped ofthe Sun,

'

and to be now in fome part ofLeo: And it is not impof-
fible to (blve the phaenomena of its periodick or proper
motion, though it be fuppoled not (o high as the Moon,
and that the motion of the Earth palling by it did real-

ly alter its motions, had there not been made fome Ob-
fervations about the Parallax of it , which prove it

higher : fo that according to this or that Hypothefis
which we take, the time of its return, if permanent,
will be longer or (boner.

And thefc Hypothefes may be (b various, that till re-

gulated by very exadObfcrvation of tht Parallax, 'tis

not to be hoped that the appearance ofa Comet can be
certainly predided : So that I fear the prophedck lay-

ing of SepiecA , Erit qui demonjiret aliqudndo in quib^f
Comet£ partibm errent^cur tarnfidu&i a ceteris ednt^quanti

qualefquefiftt^ will hardly be verified at this time by the
help ofthisprefent Comet.Though in truth I cannot find
by the examination offeveral of them, but that they all

feem topromife very fairly a return of it; for all the
Calculations I have hitherto made of its motion, (eera
to caft it into a circular, and not a into ftraight line, as
Kepler luppolcd^ and indeed upon examining even
Keplers own Calculations of thofe Comets which he
obferved, and has endeavoured to make to move in a
ftraight line , I cannot find that any of them will be
found to move equally in fucha line: but to folvethc
appearances, he is fain to make them move in fuch fup-
pofcd ftraight lines,by a line of Tangents,that is,to make
the motion of Comets accelerated the further they arc
moved 5 all which Phsenomena may be very caGly
folved by fuppofing them to have moved equal (paces

in
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in a curve or circle. The phyfical reafbn indeed feems
pretty difficult

,
by what means it fliould be confined

or bound fo as to move in a Circle : but this is no more
than is ufually fuppofed in all the Planets , and with-
out fuppofing a kind of gravitation throughout the

whole Vortice or Cchm of the Sun
,
by which the

Planets are attradted , or have a tendency towards the

Sun , as terreftrial bodies have towards the center of
the Earth. I cannot iraagin how their various moti-

ons can with any fatisfadHon be imagined , but that bey
ing granted (for which had I now time, I could allcdg

many reafons, and may do it hereafter on another occa-

fion) not only the realon of all the irregular motion of
the Planets may be eafily found , but the reafon

alfo of the ftrange and various motions of the Comets.
The reafon why its Beard is for the moft part oppofite

to the Sun , which was another Query , of which I

have already faid fomewhat of my fuppofitions , and
(hall now add, that the brighter (pot or kernel in the

middle did fecm to be forae kind of body, which
though it be not actually burnt

,
may yet by the en-

compaffing fluid ^Ethcr be dilTolved and wafted, and
thofe diffolved parts may afcend upwards, or from the

center of the Sun, (which feems indeed to be the cen-

ter of gravitation throughout the whole {}'ftemc of it.)

To illuftratc which explication, I could produce feve-

ral experiments which would make a perfedt reprefen-

tation of the phsenomena of the body , and beard of
the Comet : I (hall only inflance in one. Take a very

clear long Cylindrical Glafs, which may hold about a

quart ofwater 5 fill it three quarters full with water,

and put into it a quarter of a pound of Oyl of Vitriol,

and in the midft of this fufpcnd by a (mall (ilvcr wire,

a fmall wax-ball , rould in filings of iron or fteel , and
you may plainly obferve a perfeft reprefentation ofthe

Head,Halo,and Beard ofthe Comet 5 for the menjiruttm

fallingon,ordiflblving the iron,there is a continual erup-

tion of fmall bubbles,and diflolv*d particles from all the
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fides of this^body, and after the eruption they all af-

cend upwards from the center of the earth 5 for being

of a much lighter confiftence than the anbient liquor,

they are by the greater gravity of that
, continually

protruded upwards. The fame appearance may be
made with any kind of mcnfirvum^ and a convenient

difToluble body lufpended in it 5 fo that ifwe fuppofc

the i^)ther to be foraewhat analogous to a menjirtmw^

and that there is a gravitation towards the center of
the Sun, if the Nucleus or head of the Comet be fup-

pofed fuch a diflbluble fubftancc , the phsenomena of
the (hapc of the Comet may, I think, be rationally ex-

plained. Now that the iEther may have fuch a kind
of propriety, feems tome to be argued from this, that

the Air about the Earth feems to owe its original to it,

it being only a difiolution of terreftrial bodies into the
^ther, the iEiher being the principal fluid body, and
grcatcfl part of this dillolution^ and thefubftanceofthe
Air,fome veryfew andfmall faline and earthy particles

:

of which elfewhere. By this Hypothefis the phaenomena
of the Comet may be folved , for hence 'tis eafie to
deduce the reafon why the Beard grows broader and
broader, and laintcrand fainter towards the top: why
there is a Halo about the body j for this will appear
clearly in the experiment ; why the Beard becomes a
little deflcdcd from the body of the Sun , for if the
difTolving Ball be by the wire mov'd either this way or
that way, thearifing ftrcara or bubbles will bend the
contrary; and to countenance this fuppofition , both
in thofe Comets obfervcd by Tycho^ Kepler^ and alfo in
this laft the beard was contrary to the motion ^ fb that
the head or body going fafter, fcemcd to leave the
beard or tail fomewhat behind : by this fuppofition alfo
'tvvill be eafie to explicate why the beard is fomeiime
bended, nnd not ihaight , and why it is fometimes
brighter upon one fide than upon another .> why the
bottom of it is more round , and the other fides more
undefind, anddivcrsof the like phenomena. Againfl

this
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:

this fuppofition it (cans difficult to conceive whence
fo vaft a body ftiould be generated ^ next , how it

fhould be able to fupply fuch a conftant dream of a-

fcending parts, and yet laft fo long as this has done, al-

moft a quarter of a year. Thirdly , Whence fuch a

newly generated body (hould receive fo great a degree

of motion. In anfwcr to which, I (ay, 'tis not impofE-

ble but that the body of it may be as old as the wprld,

and that it may have then received its firft determina-

tion, or laws of motion , and may have ev^r fince pre-

fei ved them, that it may have been all this time alio in

diflblution,and yet not be quite wafted^and thac it may
continue yet for many ages before it be quite diflolved

into the iEther. And to make this probable , divers

experiments and reafons might be alledged , as that of
the flowneft of the wafting of many bodies

,
by the .

didolution made on them by the fire; the llownefs alfo

of the dilTolution ofmultitudes of bodies in MenJiruHnu,

And I have already (hewn how fmall a quantity of dif-

folved particles will be able to make as great a (hew of

light: bcfides that, the motion ofthe alcendingftream

or beard being but flow, there needs no very quick

fupply of other parts. We fee alfo into what a vaft

quantity of fmokea fmall parcel ofa combuftible body
may be turn'd. From all which particulars, 'tis not un-

likely but that the Comet may be a body moved with

a regular circular or elliptical motion as the Planets

arc, that it may be a body of fuch a conftitution , as

that the fluid iEther through which it pafles, may dif-

Iblve it much after the manner as a menjiruum ^ ffuch as

Aquafortk^S^mt ofNiter,C^f.J does a dilloluble body 5

that by this means there may be a flow , but continual

eruption of fomewhat opacous parts, which may by
their diflolution afford a lufficient quantity of light to

make as great an appearance as any of the Comets, that

this ftream or beard may by the rcfiftance ofthei£ther

be a little deflected backwards in the (ame manner as an

afcending ftream of Imokewill be by the refiftance of
F the
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the Air, if 6he burningbody be mov'd this or that way
through it, that the body of the Comet may be both as

ancient and aslafting as the world ^ and that this which
has lately appeared may have appeared heretofore, and
may likewifc hereafter appear again , that 'tis probable

the neareft diftancc of it was much greater than that of
the Moon, that the length of its Beard was longer than

its diftance from the Earth , and confequently (everal

times longer than the diftance between the Earth and
the Moon ^ that its vifible way among the Stars was
very differing from a great circle

,
efpecially towards

the latter end,when it became retrograde j that itsway
through the iEther could not be fuppofed equal in a
ftraight line

, though it might be fuppofed equal in a

curve or circle, that the exad way of it could not

be certainly determined by thebeftObfervationsI have
yet met with: and that therefore the beft help we have

to ghefs of its way and diftance, is by its manner of mo-
ving, as to appearance among the fixed Stars , which I

have already (hewn to be cxphcable by various Hy-
pothefes ; for both the Earth and Comet may be fup-

pofed to be moved, either both one way, or contrary

ways, or croft ways , the Earth may be fuppofed to

ftand ftill, and the Comet only to be moved , and the

like.

Thefe Requifites therefore being hitherto wanting

in the Obfervations I have met wit h of this Comet , all

that can be faid of it will at beft be but conje(ftural and

hypothetical ^ fince nothing can be rcafonably built

upon thole Obfervations where the truth ofthem is du-

bious 5 wanting therefore found materials to work upon
in this Comet , I had recourfc to the Obfervations of
the noble Dane Tjcho Br/the^ being fufficiently fatisfied

both of the ability, induftry, and veracity of that ex-

cellent Author, who left nothing unattempted for the

perfeding oi fuch Obfervations as feem'd to him requi-

fite for the complcating a Hiftory of that Comet which
appearcdin 1577, And from thofc Obfervations of his

1
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I endeavoured to trace the way ofit according to ft-

veral hypothcfes 5 and found, that fuppofing the Earth
not to be moved with an annual motion, but only a
diurnal about itsown Axis, the way of Comets will fall

in a line very near approaching the nature of a circle,

though neither into an exaft circle, nor an exaft ellipfe^

and therefore feems irregular, and not at all probable.

Again, fuppofing it moved about the Sun, as Tycho has

done, we find from his Calculation of it, he was fain

to allow it a quicker and flower motion in its Orbit, to

folve the Phaenomena, which feems to me but a fhift,

that will (erve to help out any lame Hypothefis what-
foever : And that granted , and the Parallax of the

Comet unknotvn, 1 will undertake very eafily to make
outalmoft any Hypothefis , which is the fault alio of
Mr. Horox his Hypothefis , wherein he fuppoles the

Earth to be moved about the Sun, and the Comet like

a Rocket to be flaot out of the Sun, and by degrees to

return to it again ^ in which Hypothefis indeed there

(eeras to be much more reafon for an inequality of mo-
tion, though not in the manner as he has placed it 5

'twas very rational that the motion of it at firft, if caft

out of the Sun, (hould be very fwift f but then it ought

iikewife to have accelerated its motion in the fame

manner in its return back to it again, which it does not

in his Hypothefis 5 for a ftoneor any other heavy body-

being (hot up into the Air , does make its return back
again to the Earth, almoft by the fame degrees of velo-

city, by which it afcended from it : almoft , I fay, be-

caule the rcfiftance of the Air does fo fir impede the

motion of the body through it , that it never iliffers it

to acquire the fame degree of velocity with which it

was firft (hot upward. This is fufficiently evident from
a Pendulum^ which if it be thrown upwards, and be
fuffered to return back, it will never rile again on the

oppofite fide to an equal height, with that it defcended

from, on that fide towards which it was throAvn: but

befides, in his Hypothefis he feems to take no notice at

F 2 all
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all of the Latitude of the Coraet, which feemed to»

carry it much farther off from the Sun, whtn he fup-

pofes it to be returning nearer. And indeed upon
the whole his Hypothefis fecms rather a produdi of

chance than of any contrivance. For he in endea-

vouring to Cct off the Longitude of the Comet ac-

cording to Tjcho*s Tables , and to trace its way by
fuppoung the Earths annual motion, making ufe al-

ways of the fame Radius to fet off the afptS", or ap-

parent angle of it with the Sun, his line ofChords ht

made u(e of did always direct the point of his Compaf-

fes, to the place where he fituates the Comet , as may
beeafily found by examining the ninth figure 5 where

you may find that he places the Comet always equally

diftant from the Earth, and that diftance is always^

equal to the diftance of the Sun, which has fo many in-

convenicncies and improbabilities, that Ifhall notin-

Cft farther on it 5 efpecially fince I do not find that he

beftowed any farther pains in explicating or cultiva-

ting this his Hypothefis, than only the,bare delineati-

on of this ninth figure. But to return to Tycho's Hy-
pothefis, if that be true, why did not the Comet
again appear after a certain fpace of time > and why
could not he have foretold when it fhould again ap*

pear , as well as he could predid the appearance of

Vertus^ about whofe Orb he fuppofcs it to circulate >

I fhall pafs by feveral other very material objcftions

that might be made againft that his fuppofition, becaufe

many of them might be madealfoagainft his Hypothe-
fis of the Heavens in general, which I fhall the rather

omit, becaufe I do not find he has many followers in

that fuppofition 3 the generality of Affronomers em-
bracing rather the C<?/'crwf<z/rSyflem

,
elpecially as it is

refined and redified by the ingenious Kepler.

Laftly, I endeavoured to trace the way of the Co-
met from Tycho's Tables, according to Keplers Hypo-
thefis 5 wliich was , that the appearances of the mo-
tion of' the Comet were afcribablc to two caufcs^

namely.
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namely, the motion of the Earth about the Sun in its

annual Orbit,and the motion ofthe Comet in a ftraight

line, not accelerated according to the proportion of the

increafe of Tangents 3 but upon fuppofirion that it

mov'd equal fpaces in equal times ; (for I cannot imagine

what realbn he had to fuppofe its motion to be accele-

rated, and much lefs why he (liould aflert it to be ac-

cording to the proportion of Tangents, which in a lit-

tle time muft necellarily come to move infinitely fwift :

than which nothing is more hard to be granted.) And
I found it after many trials and eflays to fall in a

ftraight line, inclining to the plain of iheEcliptick by
ananglc of 47.40. and cutting it in 9 degrees ofScorpio,
if computed out of the Sun, and moved fafter by half

than the Earth in its Orb 5 and this to fo great an ex-

aftnefs to anfwer all the Obfervations oi Tycho^ that

from a very large Scheme which I drew of it on a plain,

J could never find many minutes difference , fb that I

concluded that to be the moft likely Hypothefis for

that Comet, it feeming to folve all the feveral Phsno-
mena of the motion and magnitude of the Comet, with

the leaft imaginable difficulty , and to be raoft agree-

able with my phyfical notions of Comets : For, firff it

only fuppofes a fblid body moved in a fluid , with an^

almoft dired motion. I fay, almofl dirc(^, becaufe for

fbme phyfical reafons, as I have faid before , I imagine

it not exaftly flraight, but inflcded a little towards the*

curvity of a circle, which I (hall prefently endeavour

to explain farther in this Comet. Next, it fuppofes that

body to move in that line almoft egual fpacesin equal

times 5 I fay, almoft equal, becaufe fome ofthofe equal*

fpaces may be increafed by an accelerating caufe or

principle, fuch as that of a gravitation towards the bo-

dy ofthe Sun, placed in the center of its Vortice or-

Syftem , when the motion of the Comet carries it to-

wards the Sun, and may be diminifh'd from other impe-

ding caufes, fuch as the impediment of the fluid me-

dium through which it pafles, and the attraction of thQ»

F3 Sunc
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Sun operating on it when its motion carries it farther

and farther oS from it : befides, 'tis not unlikely, but

that the attraftion of the Earth, or fome of the other

Planets may have fome kind of influence on it, efpeci-

ally,when its line of Diredion does fomewiiat nearer

approach tho(e attraftive points. But the deflcdlion

from a ftraightline is always fo much the lefs by how
much the fwifter the body is moved, and by how much
the farther off its line oftrajedion is perpendicularly

diftant from thofe attracting bodies. According ta

this fuppofition of mine, I have endeavoured to make

out all the appearances of this laft Comet, taken no-

tice of in the beft obfervations I have yet met with^

amongft which I find no one of the Parallax fatis&do-

ry, as in the tenth figure, let S reprefent the Sun, ORB,
the Orb of the Earth, A C D E F, a bended or curve

line in which the Comet is fuppofed to move : the

Comet then coming into the Sphere of the aitradivc

power ofthe Sun,»by the ftraight line P AG, at A, the

power of the Sun worketh on it, and by degrees at-

tracting it towards its own Center by that time the

Comet hath moved to C, the attradive power hath dc-

flcd^ed its dired courfe firom P A G, to C H, and fo the

Comet would continue to move in that ftraight line

CH, butit isftilldefleded fo, that at D, it movesto-

wards I, but the gravitation of the Sun attrading it,

dcfledh it from that line towards E, and fo from E to F,

when it begins again to Jet out of the attradive beams

of the Sun, and lo it will continue to proceed, as if it

had come to that point by the liae M F L, the reafoa

of which is the great velocity of thefc bodies, which are

generally much fwifter in their motions than the Earth

or other Planets are fuppofed to be, in theirs. We
muftfcek out fome other way therefore of findioe oF
thediftanceof Cometsthan the commonly ufed ; I mall
therefore fomcwhat further explain the contrivance I
newly invented for this purpofc, by which not
only the Parallax of the Comet but of the Pla-

nets
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nets alfo may be found with great facility and ex-
adlnels.

Having a large Telefcope prepared ("as I formerly

directed 1 with Eyc-glaflTes capable of taking in an
Angle of about two degrees at once, and furnilhcd

with a dividing Scale, obferve when the motion of
the Comet or Planets is not too faft, the pofition and
diftancesof the (mall fixed Stars which arc riext ad-

joyning to the moved body whole Parallax you would
find, of thefefmall fixed Stars you (hall feldommilsa
fufficient number, which will be taken into the gla(s

at once, if atleaft the obje^t-glafs be allowed a very

large aperture ^ and having found fuch Stars as will be
convenient for your purpofe, be very diligent in taking,

by the help of the dividing Scale, the exadt diftance

ofthem one from an other, and when the body is high*

eft above the Horizon, viz, in or near the Meridian,

by the (amc means take the exa(3: diftance of it from
two or three of the nearef^and mof^ confpicuous fixt

Stars about it, and by the help of a plumb-line, hung
likewile within the cell, near the dividing Ruler, find

exadly the pofitions of all tho(e bodies you take no-

tice of to the Perpendicular or Horizon,which may be

cafily enough done, if together with a Plumb-line or

Perpendicular plac'd within the glafs you have al(b a

(mall Diagonal thred faftned to a ring, whofe circum-

ference is divided into 960 degrees,and moveable (b as

by the finger eafily to be tum'd any way, by which
means this Diagonal thred may be made to crofs over

any two of the bodies you oblerve, and by obferving

what divifion of this divided limb the Perpendicular

cuts, it will be eafie to determine the exadt pofition

of thofe Stars to the Horizon 5 this fame may be

done by the dividing Scale alfo, if that be fixt in a

divided Circle which is movable, in the fame manner
as the thred is fuppofed to be. This Obfervation, with

all other circumftances of it is likewileto be repeated

at the fctting or rifing of the Planet or Comet, and a-
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gain the next night when it comes to the Meridian,

and in each of thofe obfervations the exaft time is to

be noted by a time-keeper, and the altitude by forae of
thofe I have before defcribed, for by comparing thefc

three obfervations together it will be very eafic to find

what irregularity in its motion is afcribable to its Paral-

lax. And this will be fo much the eafier becaule the

examination and reduction of it may be done (with as

great exaflncfs as the obfervation can be made,) by the

help only of Ruler and Compares, for all the diftan-

ces will be (et oft by equal divifions of ftraight lines,

thelinealfo of the periodick motion, whether of the

Comet or Planet, efpccially if the obfervations be made
when the body is near an oppofition with the Sun,

which is much the beft time, will be with fufficient ex-

adncls taken for a ftraight line, and the motion in

that line may be fuppolcd by equal fpaccs in equal
times 5 for the difference between the Tangents of the
centefms of a degree to two degrees is not increafcd

much more then rrn ^hat is not a quarter of a centefm
of the hundredth part of a degree,which is much more
exad than I fear our obfervations will ever be.

Another way of finding the Parallax may be by the
help of exaft obfervations made by feveral perfons at
the fame time, in places much differing in Latitude,

though as near as may be under the fame Meridian
(Tjccaufe of faving the trouble of Calculation, and for
being afl'ured that the obfervations were both made
exadly at the fame timej each perfon by the help ofve-
ry long Telcfcopes obferving the exaddiftance of the
body from tlic fmall fixt Stars next adjoyning.
A third way of finding the Parallax of Comets is

wholly new, and though hypotherical (as fuppofing
the annual motion of the Earth, and the motion oF
the Comet in a right line through equal Ipaces in equal
times) yet 'tis founded upon a Problem in Geometry
(invented by the incomparable Mathematician, Dodor
CWren) which is truly noble and wholly new, and

though
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though it had been of no ufe in Aftronomy, defervei

none of the meaneft places in Geometry, by the help

of which (which is much more than either of the

other ways is capable of) one may eafily find the

true parallax of the Comet , from any four exa(^

oblcrvations of it, made at differing times in the fame
place : Nor does it require fo nice and accurate Inftru-

ments and Obfervators as are altogether necclTary in

the other ways. The Problem as I received it^ is this.

Datk auatuor limk utcunque du&H (quarum mc tres

Junt ^araueU rteque db eodem pun^o du^fa) quitttamducere

qua a quatuor primo dath i» tres partes fecetur rationc

pofitione datas,

Sint in Figuris 1 3, 1 4, 1 5, 1 6, 1 7, 1 8, quatuor re&£

A DCy B EC^ A B produSa verfifs K,y^(p, M, opor-

tet quintam ducere ut K Af, qu£fecetur aprimo datk infcg"

ntentaK JV, NO, 0 M^fecundum dat^ rationes 5, Tl

JFiat ut R ad 5, T^fmul fumptas ita C D^adC F. Rurfttf

9ttTadS^R^ fimulfumptasy ita EC, ad CG^ du&isaHtem

AG H^B FH^a mutua interfcSione //, ducantur HyK^
J?9 M, paralleU nimirum linek AC^BCy qu£ media inter^^

jacent inter extremas^ BD^AE. Denique inter pun&a ex^

tremarumK Af, ducatur Re3afecans medias in NO. Dico

figmenta KN, NO, OAf, ejjein DatarationeRST.
^oniamF jD, parallela efi ipft HK, ergo ut C D, ad

CF, ita Ky^adyH, & quoniam y N, parallela eji ipfi

HMy ergo, utKyadyH, ita K N, ad N ergout

KN, adNM,itaCD,adCFhfedCD,adCFjjiut
R ad S, r, femul fumptas, ergo KN, ejiad NM,utR^
ad S T, (Imul fumptas. Similiter quoniam E G, parallela

eft ipft MH, & (pOy ipfi HK, demonfiratur MO,

f'
adO K, ut T ad S,R, fwml fumptas, ^are tres

N,NO,0 M5 erunt ad invicem ut R, S, T, ergo duct-

fur lineaK M, cujus tria fegmenta a quatuor linek daik

intercepta funt in data Ratione R,S^T, O* fervata qui'
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dem pojitiofie Jive rstiortHm ordine JR, S,T, (piod erat

fdcierjaum.

From the invention of which Problem 'twill be

ery eafie by any four obfervations Graphically to

defcribe, or Geometrically to calculate the true di-

ftance of the line of the trajedtion of the Comet,

and confequently toanfwer all thofe queftions that can

be demanded concerning the bignefs of the body and

head,and concerning the bignefs and length ofthe blaze,

and concerning the diftance of it from the Earth in eve-

ry part of its way when it was ncarefl: the Earth, when
ncareftthc Sun, where it cuts the Plain ofthe Ecliptick,

fecn from the Sun, and where feen from the Earth,

with what Angle it was inclined to the faid Plain, how
fwift the motion was, that is, what length it palled, in

what time,when it muft appear Stationary,whcn Retro-

grade, when difappear, and the like.

According to this method I received at the fame
time,CwhiIft it yet appeared very vifible to the Eye, and
was not Retrograde,J the way of the firft Comet dc-
lineated by the (aid perfon, which did very near folve

all the appearances preceding and fubfequenf, which
I have therefore here annexed in the Table exprcffcd in

the 19.20.and 21. figures,where in the 19. is delineated

the Place ofthe Sun in the Center of the Circle v^,

D, F, which reprefents the annual Orb of the Earth

'

about the Sun, the points between N and D reprelent

the places of the Earth m that Orbit in the days of
November^ and the lines drawn from them to the points

in the frraight line, reprefcnt the lines in which the

Comet appeared in refped to the Sun 3 in hke manner
the points between D and I, the places of the Earth
in December^ and the lines drawn from them to the
ftraight line, as before the vifible placetof the Comet
at thofe times, &c. The 20. figure reprefents fingly

the (cveral Longitudes of the Comet at feveral times

fcen from the Earth. And the 2 1. reprefents the fc-

veral Latitudes, at the feveral times, together with the

true
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true diftances of the Comet at thofe times, both which^
are made out of the 19, figure, where E at the end of
the line reprefents the Center ofthe Earth, from which
to the figures in the prickt curve-line, are the true di-

ftances of the Comct,tfae Perpendiculars from thofe fi-

gures to the line E C are the figns of the Latitude of
the Comet from the plane of the EcliptickE C, the
aforefaid diftances being made the Radii.

Now though according to my former Delineation
the Comet fecmed to take a circuit, as if it would
within three years return to its former pofition, yet I

am not wholly convinced that it moves in a circle or
Ellipfe, but I rather incline to the incomparable Kep-
lers opinion, that its natural motion tends towards a
ftraight line, though in fomc other fuppofitions I diP-

fer from him.

As firft that the Comet perfeveres exatftly in a

ftraight line. Secondly, that after it has paft its Pe-
rige it accelerates its motion in proportion to Tangents
of equal Angles. Thirdly, that it cither is extinguifht

diflipated, broken in pieces, or burnt out into afties.

Fourthly, that it receives all its light from the Sun.

Fifthly, that if the blaze were not made by the beams
of the Sun pafling through the head of the Comer,
and fo carrying the parts along with them, the blaze

would not be oppofite to the Sun. Sixthly, that the

caufe of the bending of the blaze is the rcfradion of
the Suns raies in the body, and their being bent by
theiEtheras with a wind (which is the opinion that the

Ingenious Defcartes follows alfo.) To thefe I cannot

confcnt, and I have many objedtions to (everal ottier

of his opinions concerning this matter, which would
be too tedious to infert ^ only I ftiall add , that

having traced feveral of the Comets according to the

beft obfervations I could get, I found it very difficult

to make their motion fall in a ftraight line, unlefs it be

granted that their motions are really accelerated and

.retarded in that line, which feems not fo probable, at

G a ieaft



leafl: not in thofe parts of their tranfit where he places

them. And particularly by tracing the way of this

.Comet of 1664. it is very evident that cither the ob-

fervations are falfe, or its appearances cannot be folved

by that fuppofition, without fuppofing the way of it

a little incurvated by the attradive power of the Sun,

through whole fyftem it was pafling, though it were

not wholly ftayed and circumfleded into a Circle, as

lhave already mentioned.

That it is not extinguiflit or quite burnt out, when it

ceafes to appear,! argue from this, that I was able to fee

it with a Tclefcope above a month after it difappeared

to the naked Eye, as may be feen by the obfervations I

have annext in f/g.4. and had not the cloudy weather

and the light of the Moon, and nearncfsof the Crepufcu^

turn hindred, I fuppofe I might have feen it much longer^

as I am apt to believe the great one in 1 6 1 8. might have

been feen fevcral months longer, if it had been diligent^-

ly followed with Telefcopes, it difappearing in fuch a

part of the Heavens as might have been feen every clear

night between the CrepujcHlnm and Dawning.
Nor can I fuppofe it to receive all its light from

the Sun, (ince if fo it would follow, that the Nkclem
in the head, would have a dark (hadow oppofite to

the Sun, the contrary of which has always been ob-
ferved. Nor can I well underftand that the Sun
beams arc like a fircam ofwater, carrying the parts of
the Comet along with them fo as- to make its blaze,

fmce no fuch effedt is found of them herewith us upon
the Earth;Nor how they (hould come to be bended like

fmokc, fince wc obfcrve no fuch property of light in a
uniform medium, fuch as in probability the iEther is.

Thefe were my thoughts about thofe Comets
which appeared in 1664. and i665» which I have
found in (everal loofe papers of Ledures, read in

the beginning of 1665. And I have not had the op-
portunity of making many obfervations fince, cor

—

ctrning Comets, fave thefe two lafl, in which I had
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not the convenience of obferving any thing certain

concerning its motion or Parallax. And therefore I

applyed my (elf to mark as near as I could the true fi*

gure of it, through a fix foot Telefcope, and to take

notice of as many circumftances as the (hort time I had
would permit, which though they were very fhort and
tranfitory obfervations, and I wanted time to repeat

them fb often as I could have defired, yet even from
them I was fufficiendy fatisfied, that I had rcafbn to

adhere to my former conjedure, that the light of the

Comet did not depend wholly from the renedtion of
the Sun beams, from the parts thereof, but rather from

its own light, for upon well confideringof the form of
this Comet, I manifeftly faw that the middle of the

blaze was brighter than the fide parts thereof, and
efpecially that part which was immediatly oppofite to

the Sun, was the brighteft of all, which would have

been otherwife if the light had depended wholly from

the dcfledHon of the rays of the Sun, for one might

rationally conclude that the Nucleus or Star in the mid-

dle, which reflefted fb great a quantity of light fliould

have caufed a darknefs in the parts behind it, as we fee

all flrong refleding bodies do, and confequently that

the middle part of the flream or blaze, efpecially that

which was next the body ihould not have been fo

bright as thofe other parts to which the light of the

Sun had a more free accefs, unlcfs it may be faid that

evenjthe Star itfelf, though it feemfb bright, is not-

withftanding not fb Denfe, but that it admits rays e-

nough to pafs through it unrefledled, to inlighten the

parts behind it. But this feems not fo likely, fince be

the body of the Starfuppofed a thoufand times thinner

than a Cloud ("which yet tis hard to fuppofe, fince it

gives fo confiderablc a rcfle£Hon,J yet it being in all

probability ten thoufand times bigger in bulk, the rays

in paffing through fb great a bulK, mufi: needs meet

with more obftrudlion than in the thinneft Cloud,

and yet we find that there is no Cloud fo thin, butcafls.

G 3 fhadow



lhadow oppofite to the Sun, and therefore in probabi-

lity this would do the like, but I diligently obferved
* that there was no fuch appearance here, but the con-

trary, that is, that where the (hadow fliould have been,

there was the lightcft part of all the blaze, and con-

(equently in probability it did depend upon fbme other

caule than a refledtion of light.

It is a hard matter to affign the particular caufe of
its light, but it feems from thefe circumftances to be

very probable that it was (in part at leaft^ from its own
nature, whether that might be (bmewhat of that of
the Sun and Stars, or of that of our fire, or of that

of decaying fifh, rotten wood, glow-worms, &c, or

of that of the Ignis Fatuus, at Land or Sea, or

like that of Sea-water, or a Diamond, or like that of
the falling metcorf, or Star-fhoots, it will be very hard

to determine, unlefs one had a much greater ftock of
obfervations to build upon. But it may poffibly be
foraewhat of the nature of them all, though it agree

not in all particulars with any one of them. All thefe

ways that I have named feemingto agree in one parti-

cular, and that is an internal motion of the parts vvhich

fhine, whether that motion be caufed by fome exter-

nal mcnftruumdiflolving it as in fire, and Ignes fatui,

or an external motion, Thoke, or impulfe as in a Dia-
mond, Sea-water, and poflibly (bme Ignes fatui, or
from the parts of the bodies working and diflfolving one
another,as in decaying fiih, rotten wood, glow-worms,
or whether it be fti(ceptiblc of a much more fubtil

impulfe, even from light itfelf, asthe Bi>w»/<f;* ftone,

and Bladwines Phfophorus,which feems to be fo harmo-
nious (as I mayjfo fpeak) to the motion of light, that

a new motion is thereby raifed in it, and continues

for fbme time to move of it felf after the impulfe or
influence ceafes, not much unlike the unifon firing,

or other founding body, vvhich in Mufick receives a tre-

mulation and found from the motion and found of
•the unifon body, or firing that is flruck.

To
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To me It feems moft probable that the body and
parts of the Comet are in a ftate of diflblution,whether

that diffolution be caufed by the parts of the JEthcr

through which it pafles, after the manner as a Torch
is dillolved by the air, or whether by the internal

working of the conftituent parts one upon the other,

as in Gun-powder,(hining Fi(h and rotten Wood, I can-

not determine, but I rather guefs it to be in fomc
things analogous to the one5and fomewhat to the other,

though not exaftly the fame with either. And this I

conceive from the figure and make of the (bining parts,

for if it had been of the fame nature with a Torch,
the blaze would have relcmbled that of the flame of
a Torch or Candle, that is, the fides would have been
brighter, and the middle darker, as I have (hewn in

my Lampasj whereas it was very manifeft that the mid-

dle of the blaze was brighteft, and of that blaze that

which was next the Star ov NucUys was brighter than

that which was further off ; whereas in flame the con-

trary is very obfervajplc, as I have in the faid Trea-
tife (hewn.

From the fliape of the figure, the manner of its diffo-

lution feems to be thus. The Star or Nuclem in the mid-

dle, feems to be thefemes or fburce from whence all the

light proceeds ; this we fuppofeto be a denfe body cn^

Gompaft with a very fluid body (fuch as theiEther feems

to be) but of fuch a loofe and fpongy nature, as that

the yEther doth caufc thofe parts which are contiguous

to it, to be difTolved and expanded into it felf. This

diffolution and expanfion I conceive doth generate or

caufe the light that feems to proceed from it, that

diflblution caufing fuch a motion of the iEther, as is

neceflary to produce the appearance of light ^ now fb

long as any part thereof remains in diffolution, (b

long doth it continue to ihine, as is alio obfervablein

the flame of any body burning in the air, but when
the part feparated from the body is quite difTolved in-

to thc^ther, the effeft of (bining ccafes, as it doth

siCo>
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alfo in the parts of flame. Now I have obfcrved that

the blaze is fo very much rarified, that firft the iEther

1 conceive comes very freely to every particle of the

•body after it is (cparated from it, but efpecially to

theoutermoft, and continues to be incompalled with it

fo long as till it be quite diflTolved into it, which I con-

ceive to be at a little farther diftance from the head than

the greateft length of the blare feemsto be to our fight.

And further I conceive that the outward parts being

thus incorapaffed more perfedlly with the free and un-

difturbed iEther, are (ooner difiolved into it than thofe

of the middle, and confcqucntly the fides feem firft to

dilappear, and the middle parts continue their ihinine

to a much greater diftance from the Star in the heaoi

though fomewhat alfo of that appearance may be

afcribed to the difperfing and rarity ofthe parts near

the fides.

The Nuclear or Ball in the middle of the head,

which I have called the Star, I conceive to be diflbl-

-ved equally on all fides, and the4)arts which are difiol-

ved or feparated from it, I conceive to fly every way
from the center of it, with pretty near equal celerity

or power, like fo many blazing Granadoes or Fire-balls,

thefe continue their motion fo far toward the way
they are (hot, till the Levitation from the body of the

Sun defledi them upwards, or in oppofitionto the Sun
intoaParabolickcurve,in which Parabolick curve,eve-

ry fingle particle continues its motion till it be wholly

burnt out, or diffolved into the ^ther. Thefe are con-

tinually fucceeded by new feparations from the afore-

faid body in the fame manner as tis obfervable in a

burning, fteaming, or fmoaking body in our air, or a

diilolving body incompaffed with its proper menftru-

um, as I before mentioned, and will (6 continue until

the whole be at length diffolved into the il)ther,

through which it paffes.

It hath been dcmonftrated by Torricellius^ of bul-

iets or other bodies caft or (hot upwards, that the fame

or
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or equal bullets difchareed or (hot out from the fame
point, with the fame degree of ftrength, but with
differing degrees of inclination to the Horizon, each of
them (nail be moved in a parabolical line, and every-

one of thofe parabolical lines (hall touch a paraboli-

cal line, whofe axis is the perpendicular, and whofe
apexisdiftant from the (aid point, the full altitude of
the perpendicular (hot : So that fuppofing in the twenty
fecond figure, A to be the point from whence all the

fhots are made with equal velocity, A C the greatefk

height of the perpendicular (hot, and A D the greateft

Horizontal random at 45 degrees of inclination, and
fuppofc E D C D E a parabola pafling through thofe

points D C D, all the (hots made with equal bullets^

with equal velocity from A, but with all variety ofin-

clination between the perpendicular upwards, and the

perpendicular downwards that touch the faid paraboli-

cal line, and confequently if there be an indefinite

number of fuch balls continually flowing out of the

point A, with equal degrees of celerity every way
difperfing them(elvcs equally i» orbem, the whole ag-

gregate of fuch an emanation will make a folid para-

bolical conoeid E D C D E. Now about the point

A, if we fuppofe a Sphere as BBBB , and from

this Sphere an indefinite number of fuch equal Balls

be thrown off perpendicularly to the fupcrficies

of it, from every point thereof, with equal ce-

lerity at their leaving it, thoft^ emanations will form
al(b a conoeid, which will be very near the fame with

the former: And if this Ball in the middle be fuppofed

a burning and (hining body, and that all the(e emana-

tions have every one of themequallight in proportion

to the Globe BBBB A, the elfed produced hereby

will perfeftly refemble the appearance and figure of
Comets, if at leaft the Parabolical conoeid be inver-

ted 5 which will fomewhat explain the manner how I

conceive the figure ofthe Cometical body is naturally,

and mofV proportionably formed 5 for if the client Qf

H fuch
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fuch an emanation of fliining bodies be examined, it

will very plainly exhibit the exad and true apparent

figure of Comets, as they may be feen through a good
Telefcope, which is to me a very great argument, that

'tis the genuine caufc of its ibape and figure; Now
though the Comets appearance be this way caufed,

and ib a man might conceive the Globous body
would in a little time (by fo copious an emanation) be

confumed, yet I do not believe that it doth in a fhort

time waft and difperfe the whole Ball, nor can I con-

ceive that the difappearing of thofe blazing bodies to-

ward the latter end, does depend upon their diflbluti-

on ("though poffibly that may fomewhat diminifh them)

but that rather is to be afcribed to their diftance and
pofition in re(pe(^ of us : Though this I remember I

obfcrved very manifeftly in that of i664.that the body
toward the latter end of its appearing was very much
left in proportion to the radiations about it, than it

feemed to be at the beginning, but whether that might

not be partly afcribed to the great diftance it then was
from us, and the turning of the head pretty near to-

wards u$,and thence the fpreading of the Tail (appear-

ing beyond it,) might add to the breadth of the radia-

tion about the Nucleus^ I will not pofitively determine.

Now though for explication fake, I have compared
the parts feparatcd from the body of the Comet to

blazing Granadoes or Fire-balls, yet I would not be
underitood to fuppofe thefe parts fo fcparated to be
of any very large bulk, fori fee no necefTity to fup-

pofe them bigger than the Atoms of fmoke, or the

particles of any other fteaming body, or than the parts

of the Air, which make the body of it appear thick

and hazy ^ nor do I believe that all the light of the

Star, head, and blaze, does depend only upon the
fhining of the diOolving body and particles thereof:

but I do fuppofe tW it doth proceed both from the
reflection of the Sun-beams from thofe parts, and -alfa

from an innate and momcntaneous light produced by
the
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the aftion of diffolution wrought on the parts by tlie

incompafling iEthcr.

It may poflibly (eem very difficult to fuppofe that

the diUblution of the parts of the Nncle^, by the in-

compafling iEther, fhould caufe or imprefs fo violent

a motion into the feparated parts, as to make them

depart from it to the (pace of four or five Diameters,

before it be over-powered by the power of Levitation

from the body of the Sun, and fo deflected into a pa-

rabolical line upwards. It may likewife fcem ftrangc

to fuppofe that the iEther fliould have fuch power \u

it, as firft to diflolve a body into it fclf, and fecondly

to caufe a (hining, and thirdly to caufe a Levitation of

thediflblved parts upwards 5 whereas I fuppofcd be-*

fore ("and I think 'tis very manifeftj that they caufe a

gravitation downwards, towards the Center of the

Sun: But to thefefor explication, I anfwer that wc
need not go far for inftances to make thcfe things

probable, the Atmofphere about the Earth, as I have

formerly mentioned in my Micrographia^ I take to be

nothing elfe but the diffolution of the parts of the

Earth into the incompafling iEiher^ for the proof of

which, I could bring many arguments, were it here

a proper place, by which I could moft evidently de-

monftrate the thing to be as I have aflerted. It is here

evident that this ^ther doth take up the particles of

bodies to a very great diftance from the furface from

which they were feparatcxl, and it doth not only raife

them but fufteins them at thofe heights,nor is this pecu-

liar only to the iEther when a menftruum, but to all

dilTolving menftruums in general.

As to give one inftance, in ftead of many, we find

that Gold (the hcavieft of all Terrcftrial bodies we yet

know,) being diflblved by Aqua Regis, is taken up in-

to it, and kept fufpended therein, though the partf

of the Gold be fifteen times heavier than the parts of

the Aq^/a Regis. So Pit-coal though very heavy, is

vet taken up'^into the Air, and kept fufpended there-

H 2 in,



in, though it will be found to be forae thoufands of

times more ponderous than the menftruum of the Air

that keeps it fufpt nded.

Many reafons I could produce to (hew the great

power of the jEther, and the univcrfality of its adi-

vity almoft in all fenfible motions, but relerving them

for another Difcourfe hereafter, I fhall at prefent, on-

ly mention thofe fuppofitions which feera to have

the grcateft difficulty, in tliis Theory, viz. how the

diffolution of the parts of the Star by the incompaffing

jEther (houldcaufe light, and fecondly how it (hould

caufe an adiual Levitation of the dilToiving particles up-

wards. For the explication of thefe two difficulties,

I muftat prefent crave favour to explain them by ex-

amples taken from operations of Nature in the At-

mofphere wherein we live, very fimilar and analogous

to them. Firft, for the produ£^ion of light, we find

that the Air incompafling the fteams of bodies pre-

pared by heat or othcrwifc, and made fit for diffolu-

tion, doih (b operate upon them, as to make them fly

and part afunder witha very impetuous motion, info-

much that the fmall particles or Atoms of the diflolved

bodies, do not only leave one another, but depart and

dart out with (b great an impetuofity, as to drive off

all the incompafling Air from their Center fi:om

whence they flew, and this I take to be the caufe not

only of their Light, but alfo of their Levity upwards,

this may be (een very plainly by the fmall parts of
crackling Char-coal, which upon the blowing them-

with Bellows, and fo crowding a great quantity of the

freQi menfhuum on them, fly and dart afunder with

great celerity and noile, but is abundantly more evi-

dent in the kindling of Gun-powder, where the im-
petuofity is fb very great as to drive away not only all

the incompalTing Air but ail other bodies, though ne-

ver fofolid, that hinder its expanfion, in the perform-
ing of which operation the ifether hath a great fhare,

as. I may hereafter fliew, 'tis very probable that the

iEther
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/Ether in the fame manner diflblving the particles of
the Star, caufeth the Atoms thereof to fly afundcr

with fo great an impetuofity as to leave a vacuity

even of the parts of the i€ther , which flying afun-

dcr doth not only caule light by imprefljng on the

/Ether a ftroke or pulfe which propagates every

way /« Orbem^ but maketh fuch an agitation of the

the iEther, as caules a rarefaction in the parts thereof,

whilft the p.ms that are once aduaily feparatcd, by
continual rebounding one againft another before

they come to be at reft and quietly to touch each

other, prolong that firft feparation or vacuity be-

tween them. .

This Explication, though it be fomewhat difficult,

yet I hope it is intelligible, and may be, with proba-

bility enough, fuppofed to be the true caufe of the

appearance, whilft there is nothing therein fuppofed*

which is not manifcftly the method of Nature in other

operations 5 and though the fiippofition even of the

^thcr, may feem to be a Chimera and ground lefs f

yet had I now time, I could by many very fenfiblc

and undeniable experiments, prove the exiftence and

reality thereof, and that it doth adually produce not

only as fenfible effedts as thefe I have named, but very

much the fame, and many others much morecofidera-

ble, which by Philofophcrs have hitherto beenafcri-

bed to quite different caulcs.

Had I been able to have made fome other ob(crva^i-

ons ("which I defigned, if I had had the opportunity of
feeing it, fome of the fucceeding Nights,^ I (hould have

hoped to have explained feveral other difficulties con^

cerning the nature of the body and blaze of Comets,

but being therein prevented, I muft leave them till T
can make fome further obfervauons on fome Comets*

that may hereafter appear.

In the mean time that what I have difcourfed corir'

cerning the light of Comets, may not (eemfo altoge-

ther paradoxical and unintelligible as fome may ima^

H 3 gine,.
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gine, I have here added an account ofTome trials and
obfervations made on (hining fabftances of natures ex-

ceedingly ditfering from thofe that are commonly to

be met withal. And this I the rather do , not only

becaufeit afford s an inftance of (hining where there b
no Air, but that hereby I may enlarge the limits of
their imagination, who (hall confidcr of this fub)ecL

For nothing is more apt to mi(guide our reafoning

than a narrow and limited knowledg of caufes, we
are not to conclude the body oi a Comet a fulphureous

vapour exhaled from the Earth and kindled above,

becaufc here arc fuch vapours obferved and fuch ef-

fefts produced, nor a colledtionof Sun beams made by
a Lentiformed vapour, after the manner of a Burning-

glafs (as fome eminent Writers have lately done,) bc-

caufc fome fuch appearances may be Artificially pro-

duced in a (moaky or thickned Air, fincc if wc dili-

gently inquire, wc may find that light which is the

moft fenfible quality of^ Comets that affedta our fenfes,

may be, and really is produced by very many, and
thofe very differing ways. In Nitre and Sulphur

kindling each other by heat, we have one way 5 in a

body burning in the Air a fecond, in a heated Iron or

Glafsa third, in a piece of Iron hammered till red hot

a fourth, in rotten Wood and decayed Fifh a fifth, in

Clow-worms, Scohpondras^ and other living Worms,
and in the fweat and excrements of other living crea-

tures a fixth, in a Diamond rubbed a feventh, in Dews
Fanes fatui, &c, an eighth, in Sea-water a ninth, in the

Bofjomdn^out^^nd. in the Phofphorus Baldwini (which
I take to be much of the fame naturej a tenth, in the

Phofphorus of Mr. iCr^/t an eleventh, and pofGbly
wholly differing from all thefe, may be the light

of the Sun, a twelfth, and that of the Star may dif-

fer from that of Sun, and the Comer may be differing

from ail the reft. Whether they be fo or not, the be-

ing acquainted with the (everal proprieties of them
will the better enable one to judg of what is perti-

nent
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nent to be obferved in Comets, in order to find out
which is concerned.

The Phenomena of moft of thefe {hining bodies

are very common and obvious, and therefore necd-

lefs to be added ^ but that of the Bononian ftone pre-

pared, and that of the Phofphorus Baldvcitn (lately

difcovercd by Mr. Baldwine) arc rare and hard to be
got,and the effeds of ihcmarc wholly differing from all

the ways I have yet met with, and will therefore prove
Experimeptta Cruck^ highly inltrudive in the Theory of
Light, of which more hereafter. As for the Phefpho-

ros Fttlgurans of Mr. Kra^t (more fcarce and rare than

the other) 'tis wholly differing from any of the rcfV,

and very ftrange and furprifing, at leaft it appeared fb

to me, who had the good fortune to be prcfent at a

good part of the experiments made by the Author in

the prefence and at the Chamber of the Honourable

Robert jB^j'/e,E(q5 that great Judg and Promoter of all

curious inquiries into Nature and Art, who at my ear-

nefl intreaty, was not only pleafed to commit to wri-

ting what he obferved, but (for the information of

Curious and Inquifitive Naturalifts,) to give me liber-

ty here to publifh it.
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iiAJhort Memorial of fome Ohferyatiom

made upon an Artificial Sub/lance^ that

fhines without any precedent IHtiJlra^

tion.

September^ 1 6jy.

N Saturday the fifteenth of this month
I was after fuppcr vifited by Mr. Krafts
a famous German Chymift, who was
pleafed to come and (hew me a ftrange

rarity he hath newly brought into Eng-
land^ to the fight whereof he allowed me to invite (e-

veral members of the Royal Society, he being defirouf,

becaufe the matter he imploys is very coftly and of
difficult preparation, to be a good Husband of it, and
by fhewing it to feveral curious perfons at once, to

exempt himfelf from the need of (howing it often.

The Company being met, the Artift took out of a

pretty large box he had brought with him, divers

Cla(s Vcllds and laid them in order on the Table. The
largeft of them was a Sphere of Glafs, which I guefled

to be four or five Inches in Diameter, being hollow

and intire, (live that in one place there was a little

hole, at that time ftopt with fcaliiig wax, whereat to

pour in the Liquor, which feemed to me to be about
two Spoonfuls or fomewhat more, and to look like

muddywater made a little reddifn with brick-duftor

fome other powder of that colour, he alfo took out of
his Box three or four little pipes of Glafs fcaled, or o-

I therwilc



therwife ftopt at both ends, being each of them fbme-
what bigger than a Swans qu\\\ and about five or fir

Inches long, and having at one end a fmall frag-

ment or two of that matter that was to (bine in

t;he dark.

He hkewife laid upon the Table three or four Vi-

als of feveral fizes, but none of them judged capable

to hold above very few Ounces of water ; in each of
which Vials there was (bme Liquor or other, that was
neither tranfparent nor well coloured, which Liquors I

confefs upon his making no particular mention of what
they were to do,I was not curious to compare together,

either as to quantity or as to colour. Bcfides all thele

fubftanccs which were fluid, he had in a fmall Cryftal-

line button Bottle, a little lump of matter, of which he
(eemcd to make much more account than of all the Li-

quors, and which he took out for a few moments to
let us look upon it, whereby I faw that it was a con-
fiftent body, that appeared of a whitifh colour, and
feemed not to exceed a couple of ordinary Pea(^, or
the keinel of a Hafcl Nut in bignefs, (bme other things

'tis poflible Mr. Kraft took out of his Box, but neither

I or (for ought I knowj others of the Company took
notice of them, partly becaule of his haft, and partly

becaufc the confufcd curiofity of many fpcdators in a

narrow compafs, kept me from being able to obferve
things as particularly and deliberately as I would glad-

ly have done, and as the occafion deferved. Which
Advertiiement may I fear be but too apphcable to a
great part of the following Narrative.

The fbrcmentioned Clalles being laid in order upon
the Table, the windows were clofed with wooden-
ftiuts, and the Candles were removed into another
Room by that we were in , being left in the dark we
were entertained with the enfuing Phaenomena.

1; Though
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I. Though I noted above that the hollow Sphere of

Glafs had in it but about two Spoonfuls (or three at

moft) of matter, yet the whole Sphere was illumina-

ted by it, (b that it fcemed to be not unlike a Cannon
bullet taken red hot out of the fire, except that the
light ofour Sphere lookt fomewhat more pale and
faint. But when I took the liberty to hold thi«

Clafs in my hand and (hake it a litde, the contained Li-

quor appeared to (hine more vividly, and fometimes
as it were to fla(h.

II. I took one of the little pipes of Glafs for-

merly mentioned , into my hand , and obferved
that though the (hining matter had been lodged
but at one end, yet the whole Glafs was enlightened,

fo that it appeared a luminous Cylinder, whofe
light yet I did not judg to be always uniform, nor
did it laft like that which was included in the Vi-

als.

III. In the largeft of the Vials next the Sphericacl

already mentioned, the Liquor that lay in the bot-

tom being fbaken, I obferved a kind of fmoke to aP
fccnd and almoft to fill the cavity of the Vial, and
near the fame time there manifeftly appeared as it

were a flafli of lightning that was conlidcrably diP-

fufed, and pleafingly furprized me.

IV. After this I took up that fmall Cryftaline Vial

that I lately called(by a name familiar in our Glafs-fhops)

a Button-Bottle, wherein was contained the dry fiib-

ftance which the Artift chiefly valued, as that vvhich

had continued luminous about thefe two years, and

having held that Vial long in my hand, in the fame po-

fition in reference to my eye, and lookt attentively at

it, I had the opportunity to obferve ('what I think

none of the Company didJ that not only this ftufF

did in proportion to its bulk, (hine more vividly than

the fluid fubftances, but thaat which was the Phaeno-

menon I chiefly attended) though I could perceive no

fmoke or fumes afcend from the luminous matter, yet I

I 2 could
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could plainly perceive by a new and brisker light that

appeared from time to time in a certain place near the

top of the Glafs, that there muft be fomc kind of

flafhy motion in the matter that lay at the bottom,

which was the caufe of thefc little corufcations, if I

may Co call them.

V. The Artift having taken a very little of his con-

fident matter, and broken it into parts fo minute, that

I judged the fragments to be between twenty and thir-

ty, he fcattered them without any order about the

Carpet, where it was very delightful to fee how vi-

vidly they (hined , and that which made the fpedaclc

more taking,cfpecially to mc, was this, that not only in

the darkncS that invironed them, they fccmed like fixt

Stars of the fixth or leaft magnitude, but twinkled aha
like them, difcoveringfuch afcintillation as that where-

by wc diftinguifh the fixt Stars from mod of the Pla-

nets. And thefe twinkling fparks without doing any
harm (that we took notice of ) to the Turky Carpet

they lay on, continued to fhine for a good while,

fbme of them remaining yet vivid enough till the

Candles being brought in again made them difap-

pear.

VI. Mr. Krafi alfo calling for a (beet of Paper and
taking fomc of his ftuft upon the tip of his finger,

writ in large Charafterstwo or three words, whereof
one being LOMINI, was made up of Capital Letters,

which being large enough to reach from one fide of
the page to the other, and being (at leaft as Igucfied)

invigorated by the free contaft of the external Air,

(hone fo briskly and lookt fo oddly, that the fight

was extreamly pleafing, having in it a mixture of
ftrangcntfs, beauty and frightfulncfs, wherein yet the

laft of thofe qualities was far from being predorai-»

nanr. And this Pha:nomcnon did in moiefenfes than
one afford us the moft of ligHt, fince not only the

Characters (hone very vividly upon the white Paper,

but approaching it to my Eyes and Noftiils, I could

dilccrnt



difcern that there afcendcd from them a fume, and
could fraell that fume to be ftrong enough, and (as it

feemcd to me^ to participate of the odour of Sulphur

and of that of Onions. And before I paft from the

mention of thefe refplendent Characters, I muft not

forget that either by their hght, or that of the Globe,

or both by the one and the other a man might
difcern thofe of his fingers that were neareft the

fhining ftuff, and that this being held to the face

though without touching it , fomc of the confpi-

cuoufeft parts, cfpecialJy the Nofe, were difcovera-

bJe.

VII. After we had fcen with pleafure, and not

without fome wonder, the fore-going particulars, the

Artiftdcfired me to give him my hand, which when
] had done, he rub'd partly upon the back of it, and
partly on ray cuff, fome of his luminous matter, which
as if it had been aflifted by the warmth of my hand

(hone very vividly, and though I took not notice of
any thing upon my skin, that was either unduous or

rough, yet I often times tried in vain by rubbing it

with my other hand to take it off, or manifeftly dimi-

ni(h its fplendor, and when 1 divers times blow'd up-

on fomeof the fmallerpartsof it, though they feemed

at the inftant that my breath beat upon it, to be

blown out, yet the tenacious parts were not really

extinc;ui(ht, but prefently after recovered their for-

mer fplendor. And all this while this light that wa»

fo permanent, was yet fo mild and innocent that

in that part of my hand where it was largely e-

nough Ipread, I felt no fcnfible heat produced by

it.

By that time thefe things were done 'twas growi^-

late, which made Mr. Kraff^ who had a great way
to go home, take leave of the Company after he had

received our deferved thanks for the new and inftru-

^tive Phaenomena, wherewith he had fo delightfully

entertained us.

I 3 Bccaufc,
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Becaufe Mr. Kraft had twice attempted to fire heat-

ed Gun-powder with his Pholphorus, but without fuc-

ccfij probably becaufe thepowder was not very good
(as by Ibme circumftances I conje^ed^ and bccaule it

was not fufficiently heated before the matter that

fhould fct it on fire was put upon it, he promifed me he
would come another time to repair that unfuccesfulnell:

And accordingly, On the two and twentieth of Sep-

Umber in the Afternoon I recived a vifit from Mr. Krafi^
who told me he came to make good his promife of Ict-

• ting me (ee that his ihining matter was able to kindle

heated Gun-powder, and becaufe no ftrangers were
prcfent, I had the fairer opportunity to view it, which
i was able to do better by day light, than \ had done
by its own light, for when he had taken it with a new
Pen out of the liquor with which he kept it covered
to prcferve it, I perceived it to be (bmewhat left than
the nail of one of my fingers, and not much thicker
than a (hilling, and I oblerved that when it had lain a
little while upon a piece of clean Paper and difcharged
it felf from its fuperfluous raoifture, it began to emit
whitifh fumes which (eemed to be very ponderous,
fince for the moft part they did notafcend but furround-
ing the matter whence theyififued, by their ftagnation
made as itwcre a little Pond or fmall Atmofphere about
it ^ fo that left it ftiould waft too faft, he was obliged as

ibon as he had cut off a little corner lefs than half a
pins head, to put the ftuff nimbly back into the Vial
out ofwhich he he had taken it 5 where I obferved it

for a very fhort time to fend up exhalations into the
liquor that covered it, and quickly after, as it were,
quencht it. This done the Artift divided the little

corner he had cut off into two parts, one of which
he fpread as far as it would reach upon a piece of white
Paper, which he prefently after held at a diftancc over
a chafing-difh of burning Coals, by whole heat be-
ing excited it prefently flafht and burnt away, and I
having perceived that there was another part of the

Paper



Paper which though not heeded by him, had been
ligntly belmeared by the fame matter, I held it over
the Coals, but at a confiderable diftance from them,
and yet this little matter nimbly took fire and burnt a
hole in the Paper. And to (atisfie my felf that the
heat did but excite the luminous matter, and that

twas this its felf that lighted the Paper, I held the

reft of the (ame piece of Paper far nearer the fire and
kept it there a pretty while without finding it at all

fcorchedor difcoloured. Laftly, the other part of th^

divided fragment of the hitherto mentioned matter.

diftance from the fire, very well dryed and warmed
fome Gun-powder upon another piece of Paper, he
laid that Paper upon the ground, and then holding

his quill upon it, as if it had been a match, within half

a minute (by my guefs) that powder took fire and
blew up.

TwUl not perhaps be impertinent to add that on oc-

cafion of the operation I obfcrved the Air to have

on the ftiining fubftance when freely expofed to it.

I took a rife to tell Mr. Kraft that I prefumed it might
be worth while to try whether his Phofphorus did

Ibine by virtue of a kind of real or Cif I may fb call -

it) living flanle, which like nlmoft all other flames re-

quired the prefenceand concourle of the Air to main-

tain it, or whether it were of fuch a kind of nature

as the Phofphorus of the learned Baldvpinifs^ which I

fufpeded to fhine not like a flame or a truly kindled

fubftance , but like a red hot Iron, or an ignited piece

of Glafs, wherein the (hining parts are not repaired

by fewel, as in other burning bodies, but are put by
the adion of the fire into fo vehement an agitation as

whilft it lafts fufBces to make the body appear lumi-

nous. This conjedure Mr. Kraft fcemcd much to ap-

prove of when I told him that the way I propofed to

examine his no^iluca by, was to put a little of it into

our Pneumatick Engine, and Pomp out the Air, whofe

Mr. Kraft put upon the tip of il, and having at a

abfencc



abfencc, if it were of the nature of other flames, would

probably extinguifh, or very much impair its light,

but yet finec he offered hot to have the trial made
5

probably becaufehe had but very little ofhislhining

fubftancc left, I thought it not civil to prefs him.

But to countenance what I faid of the nature of BaU-
toinus Phofphomsy I (hall recite an Experiment that T

purpofely made,to examin whether the prefencc of the

Air were neceflary to the (hinine of this Phofphorus,

as I had long fince found it to that of (bme pieces of
fhining wood.
We expoled for a competent time to the beams of a

vigorous light, a portion ofmatter of about the breadth

of the palm of ones hand, which we had prepared to

be made luminous by them. And then caufing the Can-
dles to be removed (for we chofe to make tryal by
night) we nimbly conveyed the matter into a receiver

that was kept in readinels for it, prefuming (as the

event (hewed we mightJ that by ufing dili'^ence the

light would laft as long as the experiment would need
to do making haft therefore to Pump out the Air,

we heedfully watched whether the withdrawing of
it would, contrary to my conjedure, notably diminifh

the light of the fliining matter. And after we had
thus withdrawn the Air gradually, we tryed whe-
ther by letting it return haftiiy, it would produce a
more (enfible change in the matter (which had been
purpofely put in without any thing to cover it, that it

might be the more expo(ed to the Airs Adion.J But
neither upon the gradual recefs of the Air, nor yet
upon its ruihing in when it was permitted to return,

could we certainly obferve any manifeft alteration in
the luminoufnels of the Phofphorus, other than that
flow decrement that might well be imputed to the
time during which the experiment was making. It be-
ing well known that this luminous fublhnce requires
no long time to make it decay, and by degrees to lofe
all its light 5 fo that though once there feemcdto one
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Of two of the by-ftandcrs, upon the return of the

Air, to be fome recovery of part of the loft fplcndor,

yet after repeated experiments it was concluded that

the prefence of the Air was not at all ffecejffary to the

fhining of our matter, and it was judged moi\ proba-

ble that the abfence or prefence of the Air, had fjo

maft/fefi operation on it. I might add to this that per-

haps the prefence of the Air is rather hurtful than ad-

vantagious to this fort of lights, fince for having had
a large Phofphorus that wasmuch efteemed, and, whilft

I kept it, exaftly protected from the Air did very well 5

a part of the Glafs that covered it, having by mif-

chance been fomewhat crackt, though none of the

fplinters appeared difplaced, yet it feems (bme of the

Gorpufcles of the Air made a (hift to infinuate them-

felves at thefe chinks (as narrow as they werej and in

not many days made the matter ccafe to be capable of
being made luminous as before. I cannot ftay to in-

quire whether this unfitncfs or indifpofitioi may be
imputed to the bare moifture of the Air, or to fome

other fubftance or quality that alone or in conjunction

with the moifture, may fpoil that peculiar texture, or

conftitution that fits the matter of the Phofphorus zC-

fifted by the impreffions of external light to become
luminous. This, I fay, I cannot ftay to examine,

though, That this Phofphorus is of a nice and tender

conftitution, and eafily alterable, I was induced to

think, by finding that the want of circumfbnces,

feemingly flight enough, would keep it from being

made , and I guefs that a convention of circumftances

did more contribute to the produdion than any pecu-

liar and incommunicable nature ofthe matter : Becaufe

having had the curioGty to make fome trial upon fb

obvious a material as quick Lime, though the iuccefs

did not anfwer my defigns, yet, neither was it fo bad,

but that fome luminous quality was produced in the

Lime by the adion of the fire, and a faline Liquor 5

and I fcarce qucftion but other materials will be found

li capable



capable of being made luminous by the fame or the

like operation, that is imploy'd by Baldwinm^ when
that learned man (ball think fit to communicate his way
to the Publick. But to return to what I was faying,

that the contad of the Air might be rather hurtful

than advantagious to the Phofphorus, I (hall only add
here as matter of fad, (for my conjedurcs about

Light belong to my yet unpublifht Notes, of the Ori-

give of Sualities ) that whereas the contad of the

Air, though it were not free, did m a few days dc-

ftroy the luminoufnefs of a good Phofphorus, yet

having included another in a Receiver, whence we af-

terwards pumpt out the Air, this matter though in-

ferior to the other in vividnefs was fo little Ipoiled

by lying open in our Vacuum, that at the end of
not only fome weeks, but fome months, I found

that the beams of a Candle pafTing to it through^

the Receiver, would notwithftanding the Vacuum
it yet continues in, fufticc to re-excite in it a mani-

fefl light.

Thus far was the communication of this excellent

perfon, who it's hoped may be further prevailed with

ro communicate thofe other accurate obfervations,

and curious refcarches he hath made concerning the

itght of the Boft»f7Un Stone, and the Phofphoros Bdld-

Tphti^ which are indeed truly admirable, and very

much differing from the ufual procelles of Nature
for the exhibiting of light.

Before I take leave of my Agronomical Readers,
I (hall here acquaint them with fome Colledions I
have made of other Aftronomical matters and dilco-
varies, which I hope will not be lefs pleafing to thetttv

than they were at firft to mc. The Difcoveries are
new, and not lefs fignificant. The firft is,
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tA Letter ^rc^w Johannes Carolus Gal-
let, L.L.T>. aridTmwjl of the Church

ofSt. Symphorean at Avignon, di-

reeled thus.

CLarijftmo Erudjtijftmoque viro D, Joha/wi Domim-
CO Casino Mathcjcoj Profijfori CeleUrriwo, Ajirc-

fJomopr^ftantijfimo& Acddemi£ Regi£fckntiarHm alum-
no Mcritijjitne,

Gontcining an account of his oblcrvation of Mercury
pafling under the Sun.

Mr. Grf//cf then acquaints Mr.Crf////// with his oblerva-
tion of 5 Jjib o and the whole method and proccftof
his obfervatiori. Firft,he fitted two excellent Telefcopcs,
the Glaffcs of which were given him by Mr. 'jac. Bar-
rellius,one of the Academy R.oyalof Park. The one of
twenty three foot, he fitted with a Glafs covered with
(mooke, placed in the outward focus of the Eye-Clafs:
The other of three foot he fixt to the Arm. of his Qua-
drant of the fame Radius, this was fo cxquifitc that

compared with one of Divitti^ which was chofen by
the care ofHonorato Fahrt, and procured by Monfieur
de BeaHchamps^ it was found to reprefent the objcds
clearer : By this the figure of the Sun was caft on an
oppofite Table, on which he had drawn a Circle ofthe
bignefs proper to the Diftance and Magnifying of the
Cla0es to contain the whole Face of the Sun, and by
Parallel Circles had fubdivided the fame into digitf

and Sexagefimals, he had al(b placed three threds in

the interior focus of the Glafles, that the middlemoft
went through the Center, and the two outward
touched the Limb of the Sun by their fhadow on the
Table, he had alfo a Pendulum Clock that vibrated

thrice in a (econd.Thus accoutred he watched the fifth

K 2 and
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and (Txth day, from Sun rifing to Sun fctting, and the fS-

venth after the Cloudy Sky had feemed to dehidc

his curiofity till Eleven a Clock almoft, it then began-

to open anddifcovered to>him Mercury got within the

EalternLirab of the Sun, about of its Semidiame-

ter^ at length the Clouds being difperfed, the Sun be-

ing 27' 45. high, or at 10 h. 54' ^ it felf marked out

its own place in the disk of the 0 by its own
(hadow caft on the Table by the fliorter tube. Then
he difpofed the fliadow of the aforefaid thred fo Pa^

ralel to the Equator, that this figure of the Sun fhould

move between the outward ones, and that the. middle

(hould mark out the Parakl defcribed by the Center of

the Sun in motion,at the fame time he took the declina.-

tionof 5 from this middle Parallel and the right Afcen-

tion, by the number of Vibrations of the Pendulum,

from the Weftern Limb of the Sun,, taken by the

fhadow of a Perpendicular Crofs-line to the other 5.

by the fame means, alfo he meafured the D'umcter of
the Sun and of Mercury.

Then to the end he might give lefs caufe ofdoubt,ac-

cording to his ulual cuftom, he procured feveral friends

who were prefent and witnelFes of all the oblervati-

ons after the fourth mentioned in the Table. During the

obfervation he took notice of thefe remarkable acci-

dents. Fii ft^ that Mercury through the long Tube was
very black, and of an Elliptical figure whofe longcft

Diameter was Parallel to the Equator, but in the Spe-

cies through the IcfTer Telecope, it appeared rouud
and of a dusky red (like a fpot obferved by him in the
Sun from the Ninth tothe Fifteenth of //r;7.)Secondly, ,

that the Diameter of Mercury going out of the Diic
of the Sun, when it toucht the periphery feemed to be
of four times the Diameter it appeared of through the
whole Phafc, fo that Mr. Beanchawp^ who watched
the.cxitwith the longer Tube, whiUk he himfelf min-
ded the Qiiad rant in order to take the Altitude of the
Sun, at the time of the exit cried out, O how large do

tree
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I ftc the Dtaracter of Mercury now, it docs not on-

ly leave the Sun, but is confufed with it, or as it were
melts into it, and prefently itvaniftir, the Sun being

then 13. 23'. high.

He further adds that before he leaves to fpeak of the

Sun, he will here infcrt an obfervation that he had

made of four fpots he had (cen in the Sun in the firft of
OUober laft (5/. No^) with thirs his longer Telefcopc,

one only of which was viGblc by the Species caft with

the lefler Glafs.

• Oaob.

Die, hora

1 10 o
2 10 o

- 3 10 90

4 10 35
. 6 ID o

VtciinttMackU prin-

cipalu i fOTAl. Ctrl'

tri 0.

4 44 ^fi^'
2 43 atiji,

I • ai anfi.

o 40 atifi,

3 . Q bereal.

Difftrtntia ttmf.

inttr limbumQ
Occidtnt'&

maculam. •

I 4 20

49 o

35 40
25 40
3 20

Tmfui trittfi^

tui difd So-

laris,

2 10 O
2 10 20
2 10 20
2 lO 30
2 ID 4

Thus fubmitting his method to the judgment of

the Learned Cajfwi^ and earneftly defiring his thoughts

thereon, he ends his Letter, and Dates it from

Avignon^ Nov. 21. 1677.

To this Letter he fubjoinsthe obfervation it CeU;

Intituled,

Mtrcftriuf fub Sole vififs Avenione die 7. Nb-
verab. 1677. Obfervante me Joanne Carolo Gallet,

jf,
V. D, Pr£poJtto EccleJ(£ San&i Sjmphoriam Aveni-

onenfis.

The Contents of which are, .

That defigning to obfervc this pafTage of 5 under o

he with his Tube watchfully looked tor it in the Suns

place, from the 5th to the 7th. day, with a Tclefcope of

Ha 23 foot



2 5 foOt(as above^hcobferved a fpot of an elliptical

figure which had already gotten a 1 6th. part of the fc-

midiaraeter of the Sun within the limb , and declined

a little to the South in refped of the parallel of the

iEquator drawn through the Suns center, at lo hours

26 rain, but the Clouds hindering he could not obferve

its motion till it had afcended as high as the parallel ;

when the Suns altitude was 27. 45. or 10 a Clock 54
minutes. From the quickneft of its motion he fbon

found it to be 5 and not a fpot , and therefore

he forfook not his Qiiadrant to which was fitted his

three foot Telefcope and Tabic to receive the figure

of the o but obferved the times ofthe Immcrfions and

theEmerfion of ^ by the help thereof, being aflifted

by feveral of his friends who were witnelfes of what

pafTed, and particularly by the Illuflrious MonGeur

Df Beanchawp^ who with the twenty three foot Glaft

determined the Exit of Meratry^ whileft he himfelf

took the Altitude of the Sun with his Quadrant, as in

the tenth Obfervation.

The
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The Order of the Obfervations of Mercury
feen under the Sun.

The
num
ber of

the

Phafcs

obfcr-

vcd.

I

2

3

4
5

6

7
8

9
lO

M. S.

5
6
6
8

8

9

c

?

45
4C

30

30

53

'41

55
?8

The difference ofThe diftance TheJip-iThe hour
c time between thi f 5 from parent |cdlc<flcd by

he Center altitude the Altitude,

of the Sun. of the

'5un.

Thenorth

Dcclinati- the time between thi

on of ^ Tranfit of Well Limb
rem the of the Sun, and tht

Parallel of body of ^ undei

the equat. the fame Meridian
through colleftcd from tht

the Ccn- Pendulum Vibrating

tcr. A of a fcccjnd.

vib Pend. M. S. T.

276
258
224
164

148
132

ico
80
^9

I

I

I

I

o
o
o
o
o
o

55 ^

32 c

26 c

14 4C

54 4c

49 20

44 00

33 20
26 40

M. S. T. G. M.H. M. . S.

I i

5

+

7

8

9
12

14

1:; O0I16

20
O

9

7
13

^$

16

r

5

37

55
20
30

7
o

45
45
30
o

-/

29
29
i9

25

24
22

19

17

M

45
3^

34
03
o

5

30
30
17

2?

(O

12

K)

o
[

I

2

2

2

3

53
o

9
35

44
55
J

I

39

57
26

5«
o

5^
50
10

22

58
14
28

56

The time ofthe

Tranfitus.

of the Sun. 414 2 18

of Mercury, o i lOj

The Diameter in

the Parallel.

34 30 o
o 17 30

The Diameter in

a great Circle.

43 o o

From this Obftrvation he had the Declination of

Mercury in jefped of the Parallel through the Center

of the Sun,and thence its abfolute Declination from the

Equator, fuppofing the place ofthe Sun according to

Hecksr^ and the obliquity ofthe Ecliptick, 25, 50' the

right Afccnfion alfo of 5 appeared by the difference

of time between the Tranfit of 5 and the Weft limb

ofthe Sun by the lame meridian. Then from the Dc*
clination and right Afcenfion of ^ given by Trigone^

metrical Calculation, he found out the Longitude and

Latitude of it in every Obfervation, and the time of

itstrue Conmndtion.
The
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the time 01

the phafcs

obfcnrcd.

Htciitrs iThcDcd.
place of chciof ^ South

0 in tn Ufccn.

The right

AfccBfion of N
Mcrcufy.

The
Ut.

of 9
afceti.

riie Long.

ofMercury
in in

i6 32 3^223 16 4013 101154448
16 31 38223 13433 14^154040
163043223 1237353154030
1630 7|223i0 5i 3 55153827
1629 7"5 8 54415153^ 3

i628 i2'223 7 59455 *535 6

G.

15 33 55

15 3641
15.37 6

153811
1541 3

1541 31

1542131628 42237 3645^153440
1543221627 42237 4548,1534 5

1544 81626362236 IC5571533 o

15 45 23 16 26 15223 5 506 12 153237

Therefore the time of the true conjunction of the

Sun and Mercury at Avi^non^ wai l^ov, 7. ffor. 2.

Mitj, 39. Stc, 14. Afternoon.

To this he hath adjoyned thisenluing Table, to (hew

how much the Heavens do differ from the Aftronomi-

cal Tables.

Tmfffs datttm ex Tdbulis

Novejp/L

D. H. M.
Rudolphinis Rey-j

g
neri. 3

Calculis Hcckeri. 7 6

Lansbergianis. 6

Philolaicis Bullialdi 7

Kicciolinis juxta

calculum.

R.. admodum Patris^7

bonifa. Socictatis

Jefvi.

Dijferefftid ah ebfer^

D. H. M.

3 o 7 24 exceffus.

I

4

9
12

18

o 5 9
o 23 27
o 3 39

cxceffus.

detedhjs.

cxcellus.

8 17 o 7 38 cxceffus.

Vp0ff
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thefeObfervations are delineated in the 23. Figure.

Vfon this Obferyationl findin the twenty

third fournal de Scavans of the "Year

1 d77.Afr.Caffini made thcje ^flcclions.

THat having compared this Obfcrvation of
Monfieur GalJet ^ of 1677. with that of

Mr. Gaffctjdus^ of 1 69 1, the fame day of the year, to
wit the (eventh of November^ he found that the Lati-

tudes of ? at its leaving the Difc of the Sun, de-
termined by thefe two Aftronomers were equal, even
to the fixth part of a minute. And by confcquencc
that 9 was both in the one and the other Obfervation
at the fame diftance from its North rtode, and that it

traced in the Dilc of the Sun an equal line ; And for

that 5 was here at the like diftancc from its Apoge^
as the Sun was alfo pretty near, the fwiftnefs of its ap-

parent motion in the Sun was equal. By the Obfcrva-

tion of Mr. Gallct it is found confiderably more flow

than that which Mr. GaJJcudus hath luppofcd from the

Rudolphin Tables ofwhich he made ufe for the deter-

mining of it, not having been able to make Obfervation

immediately by reafon of the Clouds. He believeg

then that 5 fpent more then five hours in running

through the Difc ofthe Sun, fince by the Obfervation of
Mr. Gallct^ it hath fpcnt $ hours ancf 35 minutes, which

may ferve for an Advertifement for determining more
exadly the time ofthe true conjunction of 5 with the

G in the year 1631. .

The fame equality of Latitude at Mercury's leaving

the Sun Qicws that the Sun was equally diftant from

the Node of Mercury at the time of thefe two Obfer-

vations. And as the Sun was more advanced in that

of this year from 63 to 64 minutes, than in that of

the year 163 1, So it follows that the feptentrional

L Node
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Node of^ is advanced from 6^ to 64 minutes in the

fpace of 46 years, as precifely as bv the RudolpWn

Tables, which agree alfo exaftly in the Epochas of the

Nodes: a matter of no fmall Importance in Aftrono-

my, which hath not a little difficulty to determine with

precifencfs the Nodes of the Planets and their mo-

tions.

But having compared the obfervation of Mr. GdUet^

with that ol Mr. Hcvelim , in 1661. which hap-

ned the third of May^ in a place of the Zodiac oppo-

fite to that of this year, he hath found the feptentrion-

al Node of 5 lefs advanced than the Meridional was in

the preceding Obfervation ^ fothat if the Nodes of 9

in r^ard of the Sun are precifely oppofite the one to

the other , it appears that they have gone backward

fince the year 1661. as do thofe of the Moon , and by

confequence their motion isfometimes dired,lbmctimcs

retrograde : But if their motion is fuppofcd uniform,

it will follow that the Line of the Nodes of ^ doth

not pafs at all through the center of the Sun , but that

it is removed from it towards the feptentrional limit

about a two hundredth part of the Semidiamctcr of
the Orb of Mercury,

Thus far this knowing and accurate Aftronomer

Monfieur Cajjini , who we heat hath fince farther dif-

courfed concerning this matter, which we hope to pro-

cure fo fbon as he (hall make it publick ^ and to add
fome other curious Obfervations made by'other hands,

I have as yet been able to procure but one more^ but

that is one fb confiderable, that it will excite the skilful

Aftronomers anew to ply their Calculations,to fee what
the comparing of this with the. reft will produce

,

which as they come to my hands, I defign to publifti, as

I fliall alfo (bmewhat of my own Obfervations there-

upon : and therefore I omit to make anr • cflcdtions at
prcfent. This Letter is of Mr. EdrntmA HJly^ now re-

lid ing at St. Hf/f1/4, direded to Sir Jo^ as Mocre ^ Sur-
veyor of his Majefties Ordnance j a perIon to whom

the.
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the Learned world is very much obliged for his patro-

nizing and promoting thefe Coelcftial enquiries 5 who
hath not been (paring of his own pains and purfe in

providing the beft apparatus of inftrumcnts and other

conveniences for fuch Obfervations the world ever had

;

from whom we may with good reafbn hope a great ad-

vancement towards theperfe(3:ing thereof.

St. Helena, !J^^(oyemh. ii. i6jj.

HOftorcd Sir , Ton may voith reafin W0ftder that I
Jhohldfo long be negligent to write to your Worpif^

$0 giveyoH an accountof my proceedings Jfnce my departure

fromyou^ feeing that in thebuCinefs Iam now engaged npon^

the Honorable Sir Jofeph Williamfbn, his Majejiies Prin^

cipal Secretary of State^ andyourfelfare my only Patrons:

hut Ihave not been unmindful ofmy Duty in this partrcu^

lar-i only I delayed , that xvhat Ifent you might not be aU
together i^confulerable, I hoped fiill that rve might have

feme clear weather when the Sun came near our Zenith^

that fo I might give ycu an account that I had near hand
fi-

wfbed the Catalogue of the Southern Stars^ which is my
principal concern ^ but fuch hath been my ill fortune , that

the HoriTJ>fi of this Ifiand is almoji always covered with a

Cloudy which fomeiimes for fome weeks togetljer hath hid

the Stars from and when it is clear , is offo fn/all con^

tinnance^ that we cannot take any number ofObJervations at

once:, Jothat now^ when IexpeHed to be returning, I have

mtfinifl)cd above half my intended workj, and almoji dc-

fpair to accomplifh whatyou ought to expe^from me, IwiU
yet try two cr three months more^ and if it continue in the

fame confiitution^ I Jl:all then^ I hopebeexcufable if in that

time I cannot make an end. However it will be a great

grief to befo farfrujiratedin my firji undertaking : I have

notwithjianding had the opportunity ofobferving theingrefs

L 3 * and
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Mndegrefjtf 9 on the o, rt>hich compared mth the Uti§ .

OhftrvatioMs made in England , illgive a demonfiration

ef the Suns Parallax , which hitherto was never proved^

but b) probable arguments. Likewife I havefeen thofe two

EclipfeSf one ofthe Sun^ the other of the Moon 7»May laji^

both which I Jend yon^ but the mighty winds, and extra-

ordinary fwift motion of the Clouds hindred the exoB^

nefs of theObfervat/ons. That oftheMoon may helpfor the

difference of our Meridians , which is about 7 degrees to

the Wejiwards of London : but it may more curioujly be

found by Mercury Tub Sole. There arc three Stars of the

firji^Magnitude that never appear in England, but none

near the South Pole of any brightnefs ,
except one of the

third Magnitude^ which is about ten degrees dijiant from
it. The two Nnheculx called by the Saylors the Magcl-
lanick C/<>«(5/j, are both of them cxadlly like the whitenefs

of the milky way lying within the Antartick^ Circle*^ they

are fmall^ and in the Moon JJoine^ fcarce perceptible ^ yet in

the dark the bigger is very nofdble. I need not relate unto

you the temperature ofthe Weather for heat and cold here in

the Torrid Zone, you your felf having long fince had expe-

rience of a Latitude little different : only this I JJjoll cer-

tiffeyou, that ever fince I came to this IJJand^we have had no
weather that is hotter th^n the Summer of England // or-

dinarily. Mr. Clark // a pcrfon wonderfully ajfijiant to

me, in whofe company all the goodfortune I have had this

Voyage conjijleth, to me all other things having been crofs :

neverthelcjs I dcfpair not ofhis Honors and your Worjhips

favour, which alone is fufjicient to encourage me to bear

with patience thefe difappointments, and expeQ fome fitter

opportunity.

I am your Worfhips moft obliged

Servant, and true Honorer,

Edmund Hulkf.

Oaobri^r
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St. Helena^ Latitude Auftralis, 1 5. 55.

O&obris 28. die O mane 5 afparuit intra O,

h. m. 9.

9 26 17 Pars dUquA corporis ^ a intrajfet Solent

decerngradus a nadir ad dextram circiter,

9 27 30 Formahat angulum contaUus totm T
fcilicet, intus

2 38 39 Limbks ^ii proximus dijjiti a limbo

Solis Jui Diametro,

2 40 8 Limbns ^iitetigit limbHmO,
2 41. o Centrum 5 exiit e Sole, ^ograd. circi^

ter a Nadir ad dextram,

3 41 54 O limbhs integerfa£}tff.

Longitudo Latitndo trium Stellarum illufirinm

Anno I 677.

frope polkm aujirinym.

Canopm II 32?
Centauri pes 25 24 m
Alcarnar. 10 2i K

The



T^he Teriod of the %e>polut'm 0/Jupiter

upon it Axis ;
yerifed by neup Obferva^

tions made by Monfteur Caffini

:

ExtraHed out of the Journal dc Scavans.

TH E Globe of Jupiter , whofe Revolution about

its Axis was determined by the Obfervations of

Monfieur Cajfirri, in the Year

Thjs Revolution of thd body of 1665. to be 9 hours, and $5
^ upon its Axis I ftrft *Jtovcr- jj^nutes , is as it were a watch
cd itf>/4» 1664. and pubUfhcd " "

V^i • • • u u
in the firft 1 ranfaftion , which for vifibly pointing the hours

was a confidcrabic time before ^nd minutes to halt the Earth
!c was difcovcred by Monfieur

^ ^ „^ . tV^^r W (ht^xjuc thf>
cafini •, but wc arc obliged to at oncc 5 lo that It thews thc

him for the pcrfeaingthe The- fame timeto all under the fame

fh*?; ^"It Meridian, and a different time

ceilentimproTemcntsin AOro- to different Meridians,accorcl-

omy. jng as they differ in Longi-

tude.

It hath for an Tndcx of its motion one principal fpot,

which is very neatly diftinguiihcd from therein of its

furface, and fecms from its figure and fituation to have

fome rcfemblance to the Cafpian Sea of the Terraquc-

ou-s Globe. By the help of good Glaffes it may be Cc^n

pairing the under Hemifphere of it , from the Eaft to

the Well, with a velocity fo fenfible, that one may de-

termine to one or two minutes , the time that it comes

to the middle of the Difc , which is the place the moft

fit for eflabliftiing of the Epochas, and for finding the

difference ofLongitude.Thcrc may be a great number of

fucb Revolutions obferved ,
fmce^ in one year of 365
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^ys there are made 882 Revolutions. Birt it doth
not appear in every year, but as if it were fome kind
of Marifh which is dried at certain times, and fodif-

appears during two or 5000 Revolutions ^ and after it

hath remained thus imperceptible for fome years, it re-

turns again to its former ftate. After it had been ob-
ferved the laft fix months of the year 1665. and fame
months of 1 666. it became invifible till the beginning
of the year 1673. then being returned to its former ap-

pearance, Monfieur Cajjim compared the intd-vals of
the fix years , and limited the revolution to be made in

9 hours, 55 minutes, 51 feconds, and continuing hisOb-
iervations to the end of the year 1674. he found br
ihtfc two years that it was too flow by two (cconas

and a half: fo that it appeared to be in 9 hours, 55 mi-

nutes, fccond^.

This fpot hath been invifible in 1675. and 1676. du-

ring which fpace there happened other very confider-

able changes in the body of Juprter 5 for the clear inter—

ilice which was between the two dark belts ofjttpiter

was feparated into many little parts^ in the manner like

fo many Iflands, as if the two oblcure belts had been

two great Rivers broken one into the other, and had
left thefe parts which appeared like Iflands, which yet

were at laft all effaced, and the two dark belts, and
the interjacent fpace at length all coalefced into one
Inrge belt. But after the coming ofjffpiter out of the

Rays of the Sun in the year 1677. tne belts again took

their form, and fituation which they had heretofore 5

to wit , the fame which is defcribed in the 24 figure.

Xhe principal fpot appeared anew after the beginning

of Jffly laft. Monfieur Cajjini found this fpot in the

midale of Jupiter the night after the eighth of the faid

month, at 1 3 minutes after ono at night 5 and hath hi-

therto ever fincc obfervedit at the hours proper to its

revolution. Having compared many Obfcrvations of

this year with as many others made the fame days of

the year 1665, for avoiding the (cruples which may a-
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tiic from the inequality of times , he hath found by the

intervals of twelve years that thofe revolutions compa-

red the one with the other, complete thcmfclvcs in 9
hours, 5 5 minutes, 52 feconds, and 5 or 6 thirds. And
becaufe that in the years 1672, 1673. they appeared

more How by 2 feconds and a half, during the time that

Jupiter was in its greateft elevation from the Sun.

Monfieur Cajpni inclines to fuppofe that thefe revoluti-

ons have (ome little inequality depending on the vari-

ation of the diftance of ^ from the o, and that they

arc a little flower when 3? is more removed, and (bmc-

what fafter when nearer approached that body 5 the

lame which feveral great Aftronomers have fuppofcd to

happen to the Diurnal Revolutions of the Earth in the

Copemican Hypothefis.

In this account he hath feparafed the inequality

which doth refult from the variation of the two equa-

tions of Jupiter ("as he hath explained in divers Letters

jn 1665.5 the which may amount to one half hour, be-

fides the inequality of natural days, which according

to his Hypothefis may amount to 16 minutes.

For the finding then of the return of the principal

fpot to the middle of ^ for many years to half an hour
or thereabout, there needs nothing but adding ftill the

time of the period to the Epoche of the 8. of Jaly^

1677. and for the finding precifely, even to (brae mi-
nutcsjthe two inequalities of Jupiter muft be obfervcd
according to the following Rule.

Differentiam inter medium locum Jovk appar. fitem
converte in tempus dando (uigulk gradibus min, i , . hot
iempus adde tempori rejiitutionis macula fupputato , (i lo^

cus apparens Jovis exceferit medium : fubtrahe vera '\i de^
fecerit a medio.

We have then the mean time of the return of the
fpot, and to get the apparent time the,equation ofdays
according to the method of Monfieur CMjJini (of which
a Table is inferted in the Ephemerides ot Monfieur Fla--
mittio de Mezzavachi^ muft be madeufe of.
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MICROSCOPIVM:
O R,

Some new Difcoveries made with and

concerning Micro/copes^

A Letter of the Ingenious and Inqtfijttive Mr, Lceuwen-
hoeck tff Delft, fent to the Secretary of the Royal So-

ciety, u^ober 5. 1677.

IN this Letter after the Relation of many curious

Obfervations made with his Microfcope , he adds>
' By fome of my former Letters I have related what an
* innumerable company of little Animalcules , I have
* dilcovcred in waters 5 of the truth of which affirma-

* tions, that I might (atisfiethe Illuftrious Philofophers

* of your Society, I have here fent the Teftimonials of
* eight credible perfbns^ (bme of which affirm they

*havefeen 10000, others 30000, others 45000 little

* living Creatures , in a quantity of water as big as a

* grain of Millet (93 of which go to the making up the

bigneft of a green Pea , or the quantity of a natural

* drop of waterJ in the defiring of which Teftimonials

* I made it my requeft that they would only juftifie

* ("that they might be within compafsj half the number
*that they believed each of them faw in the water, and

*cven fo the number ofthofe little creatures that would
* thereby be proved to be in one drop of water would
* be (b great, that it would exceed belief. Now wherc-

'as by my Letter of the 9th. o^OSober^ 1676. 1 affirmed

•that there were more than icooooo living Creatures

' contained in one drop of Pepper-water. 1 fliould not

M liavc



* have varied from the truth of it, if I had aflerted that

'there were 80000005 for if according to fome of the
* included teftimonials there might be found in a quan-
* tity of water as big as a millet feed, no lefs than 45000
* animalcules. It would follow that in an ordinary drop

*of this water there would be no left than 4140000
* living creatures, which number ifdoubled will make
* 8280000 living Creatures feen in the quantity ofone
* drop of Avater, which ^uaintity I can with truth af-

'firm I have dilcerned.

^ This exceeds belief. But I do a9irm,diat if a larger

* grain of (and were broken into 80C0000 of equal

f parts,one of theft: would not exceed the Iwgneftof one
* oftho(e httlc creatures 5 which being underftood, it

'will not feem fo incredible to believe tliat there may
''be fo great a number in the quantity of one drop of

water.

Upon the perufal of this Letter,being extremely dc-

firousto examine this matter farther , and to be afcer-

tained by ocular infpedion as well as from teftimoni-

als, I put in order fuch remainders as I had of my for-

mer Microfcopes (having by reafon of a weaknefs in

my fight omitted the ufeaf them for many yearsj and
fteeped fome black pepper in River water, but exami-

ning that water about two or three days after , I could

not by any means dilcover any of thofe little creaturci

mentioned in the aforefaid Letter : though I had made
u(e of fraall glals canes drawn hollow for that purpofc,

and of a Microfcope that I was certain would difcover

things much fmalltr than fuch as theafore(aidMr.Le^ira?-

^w^w^had affirmed thefe creatures to be^ but whe-
ther it were that the light was not convenient ("the rea-

fon of which I (ball (hew by and by)having looked only

againft the clear sky,or that they were not yet generated,

which I rather iuppofe, I could not difcover any. I con-

cluded therefore either that my Microfcope was not Co

good as that he made ufe of, or that the time of the

year



year (which was in November^ was not fo fit for fuch

generations; or elfe that there might be fbmewhat as-

cribed to the difference of places , as that Holland

might be more proper for the production of fuch little

creatures than EfjgUnd, I omitted therefore farther

to look after them , for about five or fix days, when
finding it a warm day, I examined again the faid wa-
tery and then much to wonder I difcovered vaft mul-
titudes of thofe exceeding fmall creatures, which Mr.
Leatvpenhoeck^ haddefcribed ^ and upon making ufeof
other lights and glaOies, as I (hall by and by (hew, I not

only magnified thofe I had thus difcovered to a very
great bignefs, but I difcovered many other forts very

much fmallcr than thofe I firft faw, and fomc of thefe fo

exceeding fmall, that millions of millions might be con-

tained in one drop of water. I was very much furpri-

zed at this (b wonderful afpeftacle, having never leen

any living creature comparable to thcfe for fmallnefs:

nor could I indeed imagine that nature had afforded

inftances of fo exceedingly minute animal produdHons,

But nature is not to be limited by our narrow appre-

henfions 5 future improvements of glaflcs may yet fur-

ther enlighten our underftanding, and ocular infpedi-

on may demonftrate that which as yet we may think

too extravagant either to feign or fuppofc.

Ofthis, A later Difcovery of Mr. L,ceuvoenhoeck^do^s

feem to give good probabilities 5 for by a Letter of his

fince lent ("the which is hereunto annexedJ it appears

he hath difcovered a certain fort of Eels in Pepper-

water, which are not in breadth above one thoufandth

part of the breadth of a hair , and not above a hun-

dredth part of the length of a vinegar Eel.

M 2 Afr. Leeuvv-
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Mr. Leeuwenhoecks SecondLetter.

SI R, ' Yours of the thirtieth ofNovember I received

' not till JafjHarjj whereby underftanding the kind
* reception of my former by the R. S. I here return my
* acknowledgment to that illuftrious Company for their

' great civility : but I wonder that in your Letter I find

* no mention made of my Obfervationsof thefecondof
* December^ Sp. No, which makes me doubt whether the

* fame came to your hands.
' Since you affureme that what I fend of this nature

* will be acceptable to the renowned Society, I have ad-

* ventured again to fend you fbmc of my farther Enqui-
* ries, to be communicated to that learned Philofophical

' Company. Since I wrote of the Blood of Eels , and
' of young Eels , I have not been idle to view Bloody
' but efpecially my own, which for fome time I have in*

* defatigably examined, after that I had put it into all

* conceivable motions. Among which Obfervations I

* well faw that the glebuli of ray own blood took the
* fame figure which I formerly mentioned, that theGlo*
' bulcs of the blood of Eels appeared of to the eye

:

' upon feeing which I doubted again at the caufe of the
' fmart which the blood of the Eels caufesi^j the eye.

' Thefe my many times repeated Obfervations of my
* own blood I made to no other end, than ifit wcrepof-

•fible, to obferve the parts out of which the Globules
' of the blood confiftcd : With obferving this, I found
* the globulous blood much more pliablethan Idid ima*
* gine the fame before. I have at fcveral times bended
^ thefe Globules before my eyes , that they were three
* times as long as broad, without breaking the Veficule
* ofthem : and bcfides I faw that the Globules of blood
•in pafTing by and through one another, did, by reafon

*of their pHablencfs receive many forts of figures, and
' conring thence into a liTgcr placejthey recovered their

former
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* former globulofity which was a very great pleafure
* to obferve : and withal , that the Globules of blood

•coming many together , and growing cold thereby,

* came to unite , and made a matter very fmooth,
* wherein there were no more parts diftinft to be taken
* notice of, much after the fame manner as if we fup-

pofeda Di(h filled with balls of wax fet over a fire,

* oy which they would quickly be melted together, and

« united into one mafs^ by which uniting of the Glo-

« bules, I concluded this to be the reafon of the acci-

' dent which is called the cold fire , and of that alfo

*whichcaufesthe hands or fingers to be loft by cold":

* but I leave this to others. And I did very clearly. al(b

* difcover that there were fix other fmaller Globules of
* blood contained within each of the former and lar-

*ger Globulous Veficles: and withal, I took much
* pains to obferve the number of the fame very fmall

* globules, out of which the greater Globules do con^

* St : that at laft I ftrongly imagined, that every of the

* greater Globules confifted of fix fmaller Globules, no
* lefs pliable than the aforefaid : for oftentimes I (aw

'very clearly how the fmall Globules joyned and ada-'

* pted themfclves according to the figure the Veficle

* or larger Globule ftretched at length had taken, being

* themfelves ftretched after the fame manner : and thus

*madeoneof the larger Globules ftretcht out , to ap^

* pear by the lefTer within it ftretched alfo with it ,

.

*as if it confifted of long thieads. Moreover, I

* put the greater Globules into fo violent a motion, that

'their Veficles burft in pieces, and then the lefter Glo-

' bules appeared plainly to be fcattered. This firft

* Globule I can fee as plainly and great , as with the na-

* ked eye one Qiould look upon the eggs or fpawn ofa

* Cod-fifti.

t About nine orten years fince Dr. Gr^jjf opened in

* my prefence the vein of a Dog, and let out fo much
' blood that the Dog grew faint ^ then he opened the

'Artery of another Dog , and by a pipe transfufed th&

M 3 blood

.



[86]
blood of this fecond into the firft, whereby the firft

was recoTcred,thc fecond was faint.Then the laid Do-

dor injedcd back into the Artery of the fecond , a

• quantity of Cows milk, fuppofing thereby to prefcrvc

* the fecond dog ahve, dying, milk was blood : but

*nofooner was the milk put into the artery, but the

*dog died. And whereas 'tis commonly faid that milk

* is Blood , therefore I (hall relate of what parts the

* Milk confifts, fo far as 1 have hitherto difcovered. I

• have faid heretofore that the Milk doth confift of
• Globules fwiraming in a tlun clear watery matter

which we call Whey: but as the great GlohHli of

•Blood are all of the fame bignefs, foin the Milk they

• are quite differing, being of as many fizes and magni-

• tudes as we can imagine , between the fmalleft (and,

* and a barley com ^ all of them being as clear as Cry-

^ftal, fave only that through and between the (amc
* drive fome irregular particles for the raofl part roun-

* ded : thele had a fatty fubftance , which I imagined
* to be the latter : their irregularity I imagined came

•from the imprcfGon of the encompaffing Globules
-• made on them, in which pofhire they grew cold.

' Viewing the aforelaid differences of the Milk GIo-
* bules , I fuppofed that the Milk velFeU have no
• other parts included but the matter out of which thef
* are all made , and that the fame matter, fo long as in-

• eluded in the veflels, confifted of one uniform matter,

•fo that one could not diftinguilh parts, and that the

* fame veflels difcharging this uniform matter into other
• veffels, containing a fubftance of a quite differing na-

«ture, which I (uppofeto be the Whey, comes to be
* feparated into thefe Globules of fo differing magnt-
• tudes. This may be reprefented by having two vd^
' fcls filled, the one with Fat, reprefenting Whey 5 the

•other with Qiiickfi Iver, refembling the uniform mat-
•terof the Milk: thefe blended together, theQuick-
* filver will be (eparated into fraall Globules of ditlering

• magnitudes, and kept diftind by tbc&t.
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' Or further, itmay be explained by a diffolut'ion of

* fome gums in Spirit of Wine , a drop of which being
* put into rain water (which I compare to WheyJ the
* Cum becomes feparated immediately into an incredi-

*ble number of fmall clear Globules, which makes it

^ appear alio as white as Milk it fcif : and thence I fup-
* pofe that the whitencfs of Milk hath the fame caufe.

^ I have been often minded by fome, that flefti was
* nothing eUc but clodded blood 3 yet for all my en-
' deavours I was neverable to find the firft particles of
'blood in the fibers of theflefh, but only fuch as arc
* contained in the firft Globules.

'The laft Summer being fickly for fome weeks, I

' voided much Flegm , which was green, tough, and
* acid in the throat, which yet continues 5 but nothing

*Deai: fomuch as before : and fome of it which I void-

*ed;in the morning was of fo heavy a matter , that it

' funk in the water : the ponderofity of it I found to
« proceed from its not being filled with airy bubbles,

* which inoft Flegms are mixed with. By this means I

* oblervcd ray Flegm very often , and found it to con-
-« fift oftough (limy moifture, mixt with many Globules $

* and the tougher the Flegm was , the greater was the
* quantity of Globules 3 and from them alfo proceed-
* ed the green colour of it. All thele Globules were of
' one and the lame bignefs with the firft Globules of
' the blood 5 and indeed the blood is of the fame
' make, but only of a different colour : for as I ob-
' (erved the greater blood Globules to confift of fix

' lefTer, fo here I could fee them more plain 5 only they
' feemed more flender and tender than in the blood :

' the reafon whereof I fuppofe to be that the veficules of
* the Flegm Globules had already received fome kind
* of corruption : befides, there was mixt with the tough
* part of the Flegm great quantity of very thin cuti-

* cles : and in the lame manner as I have heretofore ex-
' plained how our cuticle is fupplied underneath, as the
' upper part is rubbed off in f«urf, fo I fuppofe the in-

ner
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* ner cuticles of the gullet afpfraarferia^ and other vef-

« fels are taken off by the Flegm. There drove alfo,

* through the Flegm fome other particles , which from

* their fmallnefs I could not aflign them a fignre, but I

* conceived them rather cubical than round. I did laft

* Summer (but up fome Caterpillcrs to fpin Webs, and

« within thefe few days 1 broke fome of thefe Webs,

.
* when from each of them came out aflie , which from

< the cold were very weak, and were unable to (land 5

* by which I conceive that thofe which came not out in

* the latter part of the year , remain the whole Winter

* in their Webs, till the warmth makes them come out.

* I was pleafed to underftand that your felf and the

^Society hadfeen in fo fmall a quantiy of water as a

* fand, fo great a number of Creatures 5 as alfo , that I

* (hall be partaker of what you (ball obferve, which I

* {hall with longing defire expedt. I cannot but men-
* tion that that fmall fort of Creature which 1 hcreto-

* fore could give no defcription of, I now fee their fi-

*gure. And for the pleafure I take in the various plea-

* ung (hapes , with their motions, which do now and
* then appear in the water, I have the fourth of this

* month, when it froze hard, taken a third part of bcat-
* en pepper, and f of high rain water in a clean glafs,

« which T fet the firft night in my Bed-chamber^ the next

*day, the weather being milder, 1 fet it in my Counting-

•houfe, and in three times 24 hours difcovered fo
' great a number, and fo unexpreffible fmall Creatures,
' that 'tis hard to be conceived ^ and according to my
* judgment , the nioft of them were much lefs than a
' thoufandth part of the thickncfs of the hair ofones
* head, and three or four times as long as thick ^ the
* which made, with the hinder part of their body , oft-
' times fo fwift a progrels, as when we obferve a Pike
* fhooting through the water, and every (hoot was in
Mength moft times about half a hairs breadth:, the
' other forts or kind of which were yet fmallpr , who(e
'fliapc for brevity I omit 3 only I fhallfay, that oft-

timej



^ times In peppcr-watcr which hath flood fomewhat
' long, among the very fmall Creatures , I have fcen a
' fort of fittall Eels which had their (hapes and moti-
^ ons as perfed as great ones : thefe were to ray

' appearance a thoufand times thinner than the hair of
* ones head, and that if loo of thefe fmall Eels were
' laid in length one behind another , the whole length
* would not extend to the length of the Eel in vine-
' gar : Whether you have aUo obferved thefe fmall

* derftand. I would willingly alio be informed whether
' my Letter ofthcfecond of December mention'd above
* be come to your hands, and how thofe Obfervations
* do pleale the Gentlemen of your Society , and al(b

* to underftand the receipt of this.

The manner how the (aid Mr.J>ewrfirA^efJ^doth make
thefe di(coveries, he doth, as yet not think fit to impart,

for reafbns beft known to himfclf^ and therefore I am
notable to acquaint you with what it is: but as to the

ways I have made ufe of, I here freely difcover that all

fuch perfons as have a defire to make any enquiries in-

to Nature this way, may be the better inabled fb to do.

Firft, for the manner of holding the liquor, foasto
examine it by the Microfcope, I find that the way pre-

fcribed by Mr. Lecuvpetjhoeck^ is to include the fame in a

very fine pipe of glafs , and then to view it by
the help of the Microfcope 5- for by placing that at a

ducdiftance, whatever is contained in the (aid liquor

will mofl eafily bedifcovered : The liquor will moft

cafily infinuate it felf into the cavity of the faid pipe,

if the end thereof only be jufl put within the li-

quor. This as it is exceedingly convenient for many
trials, fb is it not very difficult to prepare 5 but be-

caufe every one is not intruded how to proceed in

this matter, and it may caufe him more trouble than

needs to procure them, I will here defcribe the way s

and fo much the rather, bepaufe the fame d!/>/?<ir.7/;y/ will

' Creatures with Microfcope, I fhall be glad to un-

N fervc
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ferve forthrpreparing of Microfcopcs: as I (hall af-

terwards (hew. n I

Provide then a box made of tin, with a Hat bottom,

and upright on all (ides; let this have fixed within it to

the bottom a fmall piece of tin , hollowed like a ndg

tile, fo that the wiek of the Lamp may lie and reft up-

on it, and let the Tin-man fix on it a cover of tm ,
fo

that there may be only left one part of the aforefaid

box open, to wit, where the bent tin piece and the

wick do lie and come above the fides: this cover may

be turned back on its hinges when there is occafion to

raife the wiek, or put in more oyl, &c, but for the moft

part ought to lie flat and covered ^ for whilft it is ufing,

it is neccflary to keep the flame from fpreading too

much, and taking fire all over. This box muft ftand

within another box of tin, made large enough to con-

tain it ^ the ufe of which is to keep the former Lamp

)Jox from fowling the board or table on which it

ftands : This ftands upon a board about one foot fquare,

into which is faftncd a (\andard or ftick upright, cleft

fo as to pinch and hold the (odering pipe between its

clefts, which may be faftned with a ferew, or a Ihppmg

ring ^ through which pipe, blowing with your breath,

the flame will be darted forward with great fwiftnefs

and brightncfs : if then into this flame you hold a fmall

piece or a glafs pipe, made of white glafs, ("for green

glafs, or coarfer glafs will not be melted eafily in this

flame) andkeepit turning round between your fingers

and thumbs, you (ball find that the flame will in a very

Ibort time melt the middle part of the faid pipe ^ Qy

that ifyou remove it out of the flame, and draw your

hands one from another, you may eafily draw the for-

mer pipe into a very fmall fize , which will yet remain

hollow, though drawn never fo fmall. The beft Oyl

for this purpole is good clean Sallat Oyl, or Oyl Olive 5

but high rectified Spirit of Wine is yet better ,
and

cleanlier, but much more chargeable j and for moil ufes

tiic Oyl Olive will (erve. This I have fet down ,
bc-

caufc.
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caufc many who arc far off in the Country cannot have
the convenience of going to a Lamp-blower as oft u
they have occafion for fuch pipes ^ which if they pro-
vide themfelves with fmall white glals pipes from the

Potters
,
they raay accommodate themfclves withal^

though they have nothing but a large candle, and a to-

bacco-pipe, inftead of the aforelaid apparatus^ though
not altogether fo conveniently. But I would rather

advife them to have a Lamp made, which mod Tin-men
know how to fit and prepare 5 and fo it will not need
much more defcription.

But this way of N4r. Lcenwothoccks^ of holding the li-

quors m finall glafi pipes, though it be exceedingly in-

genious, and very convenient for many examinations,

yet for divers others 'tis not fb well accommodated as

this which I contrived my felf for my own trials, at

leaft for thofe Microfcopes I make ufe of, what it raay

be for thofe which Mr. Leeuwcnhgcck. ufcs I know not.

. I take then inftead of aglalspipe a very thin plate

of Mufcovy glaft, this (crvcs inftead of the moveable
plate which isufually put upon the pedeftal of Micro-

fcopes ^ but becaufe the common pedeftal hitherto

made ufe of in Microfcopes is generally not fo conve*

nient for trials of this nature, I lay thofe by, and in-

ftead thereof I fix into the bottom of the Tube of the

Microfcopc, a cylindrical [rod of Brafs or Iron. Upon
this a little focket is made to Hide to and fro 5 and by
means of a pretty ftiflF fpring , will ftand faft in any
pbce. This hath faftned to it a joynted arm of three or

four joynts, and at the end a plate about the bigneft of
a half crown, with a hole in the middle of it about

" three quarters of an inch wide 3 upon this plate I lay

the Mnfcavy glafs , and upon that I ipread a very little

of the liquor to be examined 5 then looking againft

the flame of a Candle, or a Lamp, or a fmall reflediort

of the Sun from a globular body 5 all fuch parts of
the liquor as have differing refrafHon will maniftftly

appeal*. By this means I examined the water in which
Jii. N 2 1 had



I had ftccped the pepper I formerly mentioned^

and as if I had been looking upon a Sea , I faw inhmte

of fmaU livingCrcaturesfwimmingandplayingup and

down/mit, a thing indeed very wonderfij to behold.

If the flame of the candle were direftly before the

Microfcope, then all thofe little Creatures appeared

perfedly defin'd by a black line, and the bodies ot

them fomewhat darker than the watery, but it the can-

dle were removed a httle out of the axis ot vilion, all

thole little Creatures appeared likefo many fmall pearls,

or little bubbles of air, and the liquor m which they

fwimmcd appeared dark ^ but when the water began

to dry off, the bending of the fupcrficies of the liquor

over their backs, and over the tops of other fmall motes

which were in the water made a confufed appearance,-

which fome not ufed to thefe kind of examinations,

took to be quite differing things from what they were

really s and the appearances here are fo very ftrangc^

that to one not well accuftomed to the phamomena ot

fluids of differing figures and refraftions, the examina-

tions of fubftances this way will be very apt to mil-in-

form, rather than inftrud him efpecially of fuchtub-

ftancesai are not perfedly fluid, and will not readily

and naturally fmooth their own fuperficies ,
fuch as

Tallow, concreted Oyls, Marrow, BrainsJjat, mfpilia-

ted juyces, <^r. for if thofe fubftanccs beTfT examined

by Ipreading them upon this plate , and be looked up-

on againft the candle, or other fmali defined light
,

all

the inequalities left on the furface by the fpreadmg do

by the rcfradionsof the rays of light render fuch odd

appearances, that they will eafily deceive theexamina-

tor, and make him to conceive that to be in the tex-

ture of the part which is really no where but in the

make of the fuperficies of it. This therefiare as ano-

ther great inconvenience to be met with in Microfcopi-

cal Obfcrvations, 1 prevent by thefe cnfuing methods :

Firft, all fuch bodies as Fat, OyL, Brains, Rhobs,^*^,

tough concreted Flegm, and the like, whofc furfeccs
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arc irregular, and ought to be reduced to fmooihnefs

before they can be well examined, I order in this man-
ner: Firft, I provide a very clear and thin piece of

looking-glafs plate very fmooth and plain on both fides,

and clean from foulnefs : upon the furfaceof this I lay

fbme of thofe fubftances I laft mentioned, then v^ith

fuch another piece of Looking-glafs plate laid upon-
the faid fubftance I prcfs it fo thin as not only to make
thefurfaces of it very fmooth , but alfo to make the

fubftance of it very thin ^ becaule otherwifc , if the

fubftancebe pretty thick, as fuppofe as thick as a piece

Venice paper, if it be a vvhitifti fubftance , the mul-
titudes of parts lying one upon another in fuch a thick-

nefs, do (o confound the fight, that none of them all

can be diftintSly fcen ; but ifby fqueezing the (aid plates

hard, and clofe together , it be reduced to a twentieth

part perhaps of that thickncfs , the fubftance may be

well looked through , and the conftituent parts may
be very plainly dilcovered. Thus alfb 'tis very vifible

in the Globules of milk and blood, difcoveredby the

ingenious Mr. Leeumnhoeck.^ for when cither of thole

fubftances are thick, the multitude of thofe little Glo-

bules confound and thicken the liquor lb as one can-

not perceive any thing until it be run very thin s for

then all the remaining Globules with their motions may
very diftmdrly be apprehended. This therefore is an

expedient by which thoufands of fubftances may be

examined ^ and therefore the more fit to bo communi-

cated, that there may be the greater number of ob(er-

vers well accommodated for fuch trials. Thefe plates

therefore may be contrived fo as to be pinched toge-

ther by the help of fcrews, and a firame , that thereby

they may be forced the clofer and the evcner together,

as there ihall be occafion ^ and may be kept firm and

fteady in that pofture , and then , that it may fome

ways or other be conveniently faftned to the former

plate, foasto be moved this way or that way fteadily^

j}8 there fball be occafion.

N 3 But
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But there are other fubftances which none of thefc

ways I hare yet mentioned will examine , and ihofc

are fuch parts of animal or vegetable bodies as have a

peculiar form, figure, or (bape, out of which if it be

put , the principal thing looked after is deftroycd

;

luch are the Nerves , Mufcles , Tendons , Ligaments,

Membranes, Glandules, Parenchymas, &c. of the bo-

dy of Animals, and the Pulps, Piths, Woods, Barka,

Leaves, Flowers , &c, of Vegetables. Some of thefc

which are not made by dilTedion or feparation from

other parts may be viewed alone j but there arc others

which cannot be well examined unlcls they be made to

fwim in a liquor proper and convenient for them : as

for inftance , the parts of flefh, mufcles and tendons :

for if you view the fibres of a mufcle encompafled on-

ly with the air, you cannot dilcover the fmall partsout
©f which it is made ; but if the fame b« put into a li-

quor, as water, or very clear oyl , you may dearly (ee

fuch a fabrick as is truly very admirable, and fuch as

none hitherto hath difcovered that ever I could meet
with 5 of which more hereafter, when I fhew the true

mechanical fabrick thereof, and what caufes its motion.

Thus if you view a thred of a Ligament, you (hall

plainly fee it to be made up of an infinite company of
exceeding fmall threads fmooth and round , lying clofe

together^ each of which threads is not above a four
hundredth part of the bignefs of a hair : for compa-
ring thofe of Beef with a hair of my head, which was
very fine and fmall, z/hs. about a 640. part of an inch, I
found the Diameter thereof to be more than twenty
times the Diameter of the(e threads j fo that no lela
than 163 millions, befides 84othourands of thcfc mufk
be in a ligament one inch fquare. I (hall not here en-
large upon the admirable contrivance of Nature in this
particular, nor fay any thing farther of the reafon of
the greater ftrength of the Smc fubftance drawn into
Cnaller than into greater threads 5 but only this in ge-
neral, that the mechanical operations of thcfe minute

bodies
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bodies are quite differing from thofe ofbodies of great-
er bulk, and the want of confidering this one thing
hath been the caufe of very great abfurdities in the
Hypothefes of fome of our more eminent modern Phi-
lofophcrs : For he that imagines the adions of thefe

leffer bodies the fame with thofe of the larger

and tradable bodies, will indeed make but Ari-

Jiotles wooden hand at bcft. This put me in mind
likewife of adrertifing the Experimenter that he pro-
vide himfelf with infti uments

,
by which, to ftretch

and pull in pieces any fubftance whilft the fame
is yet in view of the Microfcope , of which there

may be many which any one will eafily contrive, when
he hath this hint given him of the ufefulnefs thereof in

the examination of the texture of fcveral fubftances ,

as ofTendons, Nerves, Mufcles, ^c. thofe I have made
ufe of were made to open like a pair of Tobacco
Tongues, by two angular plates of thin brafs rivetted

together, which by pinching the oppofite end, would
cither open or (hut at the other, as I had occafion.

Thele having a part extended between the two tops,

were fixt at a due diftance from the objeft-glafs that

the body extended between them might be diftindtly

feen ^ then with my finger fqueczing together the op-

pofite ends , the other ends opened
,
by which means

how the parts fVretched and fhrunk might be plainly

difcovered. Now as this is of ufe for fome kind of
fubftances , fo the two glafs plates arc for others , and

particularly for fqueezing of fevcral fubftances be-

tween them, fo as to break them in pieces, as thofe lit-

tle Creatures in pepper-water, or the Globules in blood,

milk, flegm, &c, whereby the parts within them may
yet farther be enquired into, as Mr. Leenwenhoetk^ I find

hath done by his lateftObfervations. Whether he makes

ufe of this way, or fome other, I know not.

Having thus given a defcription of the appurtenan-

ces, it remains that I come to the defcription of the Mi-
cro-
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crofcope it fclf , which is the principal inftrument, and

without which all the reft are infignificant.

TheMicrofcopes then I defign here to delcnbc , are

only of two kinds, cither fmglc or double.

The fingle Microfcope I call that which conlilteth

only of one glafs ,
though it have a double refrading

fuperficiesj and the double one I call that which is

compounded of two glaflcs, though it hath for the moft

part a quadruple refradion of the Rays.

The fingle Microfcope then confiftcth of one Imall

ie^is fo faftencd into a cell, that the eye may come con-

veniently to look through the middle part or Ax^ ot

it 5 ofthefe there are various forts,as double Convexes,

or plain Convexes, or perfeaiy fpherical.

I (hall not need to dcfcribe the common lenjes which

are every where made ufe of for this purpofe ,
being

plano-convexcs of Spheres about half an inch Diame-

ter, fave only this , that 'tis beft to turn the plain fide

towards the objed, and the convex to the eye : nor

(hall I (ay much concerning thofe double Convex Claf-

fes , there being no great difficulty in the making or

ufing of them , but that the fmaller the (phere is in

which they are made, the nearer do they bring the ob-

jeft to the eye ^ and confequently the more is the objedt

magnified, and the better and truer they arepoli(htin

the Tool, the more clear and didtmOi doth the objed

appear, but to make any of a Sphere lefs than ,-3 of

an inch in Diameter is exceeding difficult, by reafon

that the glafs becomes too fmali to be tradiable ^ and

'tis ve?y difficult to find a cement that will hold it fa(t

whil(t it be completed 5 and when *tis poli(ht, 'tis ex-

ceeding difficult to handle and put into its cell ; be-

fides, I have found the ufe of them otfcnfivc to my eye,

and to have much ftrained and weakened the fight,

which was the reafon why I omitted to make ufe of

them, though in truth they do make the objed appear

much more clear and diftinft , and raagni fie as much as

the double Microicopes : nay, to thole who(e eyes can
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well endure it, 'tis polBble with a fingle Microfcopc to

make difcoveries much better than with a double one,

becaufe the colours which do much difturb the clear

vifion in double Microfcopes is clearly avoided and pre-

vented in the fingle. The fingle Microfcopc therefore

which 1 fhall here defcribe, as it is exceeding cafie to

niake,fo is it much more tradable than thedoublcCon^

vex glaffes made the common way by working them in

a hollow Hemifphere with water and fand 5 for thole,

fuppofing them made with all the accuratenefs imagin-

able, will be far (hort from being fo well polilht as

thele 5 and wanting the ftem or handle which thefc

have, they are infinitely troublefome to remove, or

place, or to cleanfe when there (hall be occafion.

Take then a fmall rod of the cleared and cleanefi:

glals you can procure,frec if pofliblefrora blebbs,rands,

or veins ^ then by melting it in the flame of a Lamp
made with Spirit of Wine, or the cleaneft and pureft

Sallet Oyl, draw it out into exceeding fine and fmall

threads 5 then take a fmall piece of thefe threads, and

in the fame flame of the aforcfaid Lamp melt the end of

it, till you perceive it to run into a little ball or glo-

bule of the bignefsdefired 5 then fuffer it to cool, and

handling it by the aforefaid thread of glafs, which is as

it were a haixlle to it, fix it with a little wax upon the

fide of a thin plate of Brafs, Silver, or the like, that the

middle of it may liediredlly over the middle of a fmall

hole pricked through the (aid thin plate with a needle;

then holding this plate clofe to the eye, look through

the (aid little hole, and thereby you may alfo fee very

clearly through the aforefaid Globule , fixed with wax

on the fide that is from the eye : if then either by a lit-

-tie joynted arm, or by a little foft wax, and a needle,

or a thin plate of Mufcovy glafs, you fix the objedt yoa
would examine , fo that it may be at a due diftance fro.n

the faid little Globule, you will perceive the minute

parts thereof very diftinft.The/k/^ofa fphcrelookcd

on by the Hiked eye, is about half the radiuf of the

O fpherc



fpherc, without the fupcrficies of it ^ but this is varied

much by the age of the eye that looks through it
, by

the imagination alfo of the perfon , and by the differ-

ing fpccifique refradiion of the glafs made ule of.

By this means I have prodigioufly magnified fbme
fmall bodies, infomuch that I have been able to fee and
diftinguifh the particles of bodies , not only a million

of times fmaller than a vifible point, but even to make
thofe vifible, whereof a million of millions of them
would hardly make the bulk ofthe fraalleft vifible (and j

fo prodigioufly do thefe exceeding little Globules o£

glafs inlarge the profpedt of humane light into the more
private receffes of nature.

If the things to be viewed be liquors ,
they may be

included either in thofe little pipes ofMr Lc^//ir^;fA^ef/^

f newly mentioned, or clfe they may be put upon ex*
cceding thin plates of Mufiovj gh(s or Sclemtes^ and
the other fide of the plate may be made to touch the

Globule, or at Icaft be fixed at fuch diftancc, as may
make the parts of the liquor diftind: If you makeufc
of a Looking-glafs plate to Ipread theliquor upon you
would examine, you may turn the liquor towards the

Globule, and you may therein eafily fee all the parts

very diftindly , without at all hurting the profpe<i by
the interpofition of xh^ ^^/htfcovy glafs, which thougn
it be exceeding clear

,
efpecially if the plates be very

thin, yet hath it fomc flaws, and fome opacoufhefles in

it^ which do fomewhat cloud the profped.

If further, you would have a Microfcope with one
finglercfTa(ftion,nnd confequcntly capable ofthe great-

eft clearnefs and brightnels that any one kind of Mi-
crofcopes can polTibly be imagined fufceptiblc of,when
you have fixt one of thefe little Globules as I have di-
re6bed, and fpread a little of the liquor upon a piece

of Looking-glafs plate, then apply thefaid plate with
theliquor, next to the Globule, and gently move k
clofeto the Globule, till the liquor touch , which done,
you will find the Iif[uor prcfently to adhere to the
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Globule, and ftill to adhere to it though you move it

back again a little 5 by which means, this liquor being

ofa fpccifique refraftion, not much differing from glafs,

the fecond rcfraftion i« quite taken off, and little or
none left but that of the convex fide of the Globule
next the eye 3 by which means as much of the incon-

venience of refra(^ion as is poffible is removed, and
that by the eafieft and mofl: pracikrable expedient that

can be defired. I could add various other ways of
making thcfe Globular bodies both of glafs and other
fubftances which will yet farther advance our profpedt

into nature, and are pleafant to admiration 5 but thofc I

(hall yetreferve till I fee what effedis the publifhing of
thefe may produce , and to the end to excite other

perfbns to be inquifitive into this matter : for let me a(^

fiire them, very much more may yet be done by a way
I know, than by this I have here publifhed. And I

confefs I have very often wondered that no farther im-

provement had been made of this Principle, fince I

publiflit it in the year 1664. P^g^ of niy Pre-

face to MtcrographU : for though fome other reafons

difcouraged me from prolecuting thofc enquiries,

yet I hoped that others might long before this have
carried it much &rther.

The only inconvenience in thele kinds of Micro-

£cope$, is, that the objed is neceffarily brought fo near

the glals, that none but fuchas are tranfparent , and to

be viewed by a through light are capable of examina-

tion by them : (uch therefore are to be examined by the

double Microfcope 5 which, as it is abundantly more
tradi^able, (b doth it much lefs drain the eye, and from
the eafinefs of itsufe, when well fitted , is much more
pleafant : and if ordered as it ought, will magnific as

much more than the common ones hitherto made , as

thofe did more than the naked eye.

Both thefe Microfcopes I have direftcd y[v.Chriflopher

Cock^^ in Lofjg'Acre^hovf toprepare,that fuch as will not

trouble themfelves in the making of them, may^ know
O 2 where
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where to be accommodated w ith fuch as are good.

And of the improvement of this kind of Micro-

fcope, I fee no limits, efpccially as to the augmenting

the vifiblc appearance of fuch objedts as are capable of

enduring the increafc of light 5 for fince 'tis demonftra-

blcthatlightmay.be augmented upon any one objedt

fufccpt^l/L; to any given degree, and that by the double

Microlcopethe image can be augmented to any affign-

ed magnitude , what but the difficulty of making all

things correfpondent Qiould limit the power of fuch an

inftrument. Now the making of this double Micro-

fcope, though it be fomewhat more difficult than ofthe

fingleone, yet the traftabknefs thereof when well fit-

ted, and its eafinefs to be cleanfed, and applied to ufe,

makes amends for the extraordinary charge ,
cfpeciaJly

the fituation of the objcd, which being capable of

any reafonable diftance from the objcdt glaG, ib as to

be fit for examination, makes it very defirable. Now
as in all other mechanical contrivances, that is beft

which is plaineft , and mofl: fimple : ^o is it in this,

wherein nothing more is required, but two piano Con-

vex glades, the onefor the objctt-glafs, and the other

for the eye-glafs : thelefs the fpheres of theglafles be,

the more do they magnifie the objedt 5 and the thinner

and clearer the fubftance of them be, and the more ex-

actly (haped, and the brighter they are polifht , the

clearer do they reprefent it , and the longer the glaffes

are diftant from each other, the more is the ima^e mag-

nified, ceteris parib/is^ though indeed the fame thine; is

performed by glafles of very differing magnitudes, 3ue

proportions of all tilings about it being kept and ob-

ferved. For if as the diftanceof one object from the

objedt-glafs is to the diftance of another objed.frora an-

other oDicd-glafs, fothc diftance of the firft image be

to the dirtance of the lecond image, the image in both,

jnuftbe equal r if therefore this image be viewed with

equal glalTes the image muft be equally magnified at

the bottom of the eye 3 fo that in this way the objeift is

capable
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capable pf a double way of augmenting, viz, firft, the

augmenting the figure in the Tube, by-dicfmallnefs of

the objc(^-Gla(s, and Icngthof the Titers; and fecond-

ly, by the augmenting that image in the "bottom of the

eye, and that is by the Eye-glals 5 give therefore light

enough to the ohje6^, and you may increafethe image

at the bottom of the eye to what proportion you (hall

defire. And by a way I (hall (hortly (hew, the objcdh

may be perceiveddirtind, defined, and oblourlcfs, asif

fcen by the naked eye. In allthefe ways the manner

of applying the light is very fignificant, and provided

it be very ftrong, the fmaller the point be it proceedeth

from, the more diftindly doth it exhibit the difference

ofrefradlion in the tranfparent bodies viewed by it, and

the plainer will their parts be difcovered: The light

therefore of the Sun either refleded from a Spherical

Convex body, or Spherical Concave body, the objed^

being placed beyond the focus^ or Refradted through

a Concave or through a Convex,ifthe objcd be placed

beyond xhefdcus^ do exceedingly well. But thcfe with

the help of a dark Room do yet better, the obje£t

being placed in a Table againft the Light, and all other

Light fcrecn'd from the Eye by the Dark floom. Much
the fame thing is done by the Light of a Lamp or

Candle in the Night, which is indeed.the mofk^conve-

nient Light, where Colour is not fo much looked after.;

Whilefk this Difcourfe was Printing I cafuallymet

with a Treatife of P. Ckerubirte^ Printed at Park^

1.677. Entituled, L i4 VLSIONPER F AITE^.
OH les concoHTs cles datx axes^ de U Vifion en. un fccnl point:

de i' ohjc&'j Wherein the Author pretidids amongft other

t4iings to have promoted Microlcopcs extreamly by

fo joyning two together, as through them to lee the

(ameobjed diftind with both the Eyes at once, and.

to fee a large objed all at one view, by which he af-

firms to. have difcovered 'fpmc raifbakesand untruths-

in forae of thofe figures I have formerly pubhihcdiii

my Nficrography. Eiit if he .had^pHcafedtohavercaci

O 3 the



the Dcfcription as well as looked on the Figure, he
might have been better informed than by his Prcfecc

he would feeuit^ be. I deny not but that there arc mmy
failures in (ora^ ofthofe draughts, (bme of my own and
fome of the gravers committing. Hnmanum e/?. But
thoic which he charges for fuch are not> as hcmight
have feen ifhe had raadeufe ofbetter f;lafles than thofe

which he deicribes, for they are fo far (hort ofequalling
thofe I ufe, that I can deraonftrate from his own De-
fcription of them, that thofe I made ufe ofdid magnifie

loooo times more than that with which he pretends to
•have madethefegreat Difcoveries. Nor is it any thing

more than common to fee as large an Areadishe men-
tions, with a glafs that magniBes no more than his

doth. But I could have, (hewed him how he might
fee the whole Creature at once, and yet much more
magnifie than that which I have deferibed, nay though
the Creature were twice as b^, and that with one Eye
only, which is much to be preferred before that with
two. However I fhould be very glad to hear what
Difcoveries he doth make with his binocular Micro-
feope more than was (een before. As alfo that hewould
pleafe to demonftrate the truth of Parallelogram pre-
feribed for certain ufes, pag. of Dioptriquc Oco-

^ ]aire,aQd in the Fourth Chapter of the Fourth Partof
this Book. But to digrels no fiiccher from what I was
deferibing. I muft add that with both thefe kindsofMi-
crofeopes have I examined fevetal fubftances ^ as par-
ticularly the ftcepings of feveral grains and feeds in
rain-water. And though I have not yet found any one
tinfture more prolific than this ofPepper 5 yet Vis not
tlie only tindure in which they do both breed and in-
creafe.I have feen feveral forts in the fteeping ofWheat,
Early, Oats, Coffee, Annifeeds, Peafe, dv. fome not
above a third part of a hair in thicknefs ^ others not
above the twentieth part of the breadth of a hair, and
fome not more than a thirtieth part of that breadth^ Co
that no lefs than 900 of thefe leaft muft go to make an



dna a? big as that ofan hair cut tranfvertly, and

to make a Cylinder asbigas the hair of ones head, atid

of equal height with the Diameter of that hair, \vhifch

one may juft call a vifible point, and no toore^ frw
eyes feeing things diftind^ly rtuch fma!leVr Now the

Diameter of a hair of my head being by examination

found but the 640 part of an inch , it follows that no
lefs than 1 9 soo or to ufe a mund fumm about 2oot)6lDf

them may lie in the length of an inch, and confcquent-

ly, that a circle an inch Diameter wiH itere-to the ana
of one of therccuttranfver(lyas4cooot)Cb^: to 1. four

hundred millions to 1 and a Cylinder one inch Dia-

nieter,and one inch high,will be to one ofthcfe mites,as

800000C000000 to one, eight millions of millions to

one. If therefore we compare the magnitude ofone of
thefe animals to the magnitudeofother creatures living

in the water,we ftiall find that thefe will befound much
fmaller in comparifbn to the body of an ordinary

Whale, than the body of the fame Whalfe will be To

the body of the whole Earth ^ which may prove ah

argument for an <^ww<i wwW/ perhaps to fome. But let

every one make his own inferences , and believe his

own eves, for they will make the beft impreflion on
his reafon and belief. Now if the Creature be fo ex-

ceeding fmall , what muft we think of the Mufclcs,

Joynts, Bones, Shells, &c, certain it is, that the Me-
chanifm by which Natuie performs the mulcular moti-

on is exceedingly fmall and curious, and to the perfor-

mance of every mufcular motion in greater Animals at

leafl", there are not fewer diftind parts concerned than

many millions of millions, and thefe vifible , as I fhall

hereafter (hew through aMicrofcope, and thole that

conceive in the body of a mufcle, little more curiofity

of mechanifm than in a rope of the fame bigncfs, have

a very rude and falfe notion of it 5 and no wonder if

they have recourfe to Spirits to make out the Phaeno-

uiena : but ofthis hereafter more.

further, I have examined the conftitution ofBlood,

.

Milk,
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Milk, FIcgm, &c, and found them much the fame with
what Mr. Lcmvptnhocky^2i% declared. A little fat laid

upon the glafs plate vvhilft warm, melts, and becomes
tranlparent , but obferved in a convenient pofture a-

gainu the light of a candle, &c, till it congeals , and
fhrinks, raaKea pleafant Huid, and (hews how confi-

derably a fluid and (olid body do vary, and may give

us a good hint to conjedure at the reafon ot the fwel-

ling and greater lightnefs of Ice than of Water. The
firflc beginnings alio of the (hooting or cr} ftallifing of
Sugar into re&angularparallelipipeds. Alum, Salt, Vi-

triol, &c, are ftrangely furprizing and inftrudlive , I

could enumerate multitudes of thele.

But (that I may not detain the Reader toolong in

the perufal of thefe anatomical dcfcriptions of the mi-

nute and invi(ible parts of animal fubftances^ to ea(e

both his eyes and imagination I (hall proceed to ac-

quaint him with fome Anatomical Obfcrvations more
fenfible , and which do (eem more nearly to concern

us. And tho(e are contained in the enfuing Difcourfc,

being

A Re-



A Relation commufticdted to me in a Letter by that ingem-

ous and experienced Chirurgion Mr. James Young of
Plimouth , in the beginning ^January laji^ ofthefatal
Symptoms castfed bj aBnlletJwallowed into the Lungs,

SI R, In the beginning of Aprils 1674. Mv. An-
thony Williamjon of Lifcard in Cornwall aged about

6% years, of a brisk, firm habit, became ("after a too li-

beral drinking ofCyclerJ atiiidted with the Colick, of

which in four days he cured himfclf,by (wallowing two
Musket Bullets, and receiving fome Carminative Cly-

fters. On the 12. of the lame month, his pain returning

fbmcwhat fmarter than before, he attempted to fwallow
three Piftol Shot, and fuppofing it the eafieft way , he

lay on his back, and threw them all at once into his

throaty where they choaking , ha4 almofti (kangledl

him '-y conftraining him to vomit, c^c^ VVtieitfth% wetb
paftdown, he became (eized imraecjiiuely witli aiviolent

Cough, Wheafing, pain in the left fideof hii. Breaft, a;

great noife in rcfpiration , more erpeciaSy afteii;a fit of
Coughing^ for then his Breaft woi^ld hflk; like the fuck-

ing of a Pump , when the Air cjefcends through the

boxes.

Thele accidents fo fuddcnly occurring, without any

manifeft caufe, did much furprize him , and the more,

becaufe he was naturally of a found breaft , the Co-
lick was cured by Clyfters,Potions of Manna, ol.amyg.d.

and two ofthe Shot were foon ejeded, ex ano^

and maugre the other accidents,he became indifferently

we ll, and able to walk about houfc.

Fiveor fix weeks afierthis, thofe fymptom s became

more fierce, depaupering his fpirits, proftrating his ap-

petite, difquieting his fleep with dreams,a Dyjpnaa^ and

rutling violent Cough^a ftraitnefsand load in his Breaft

kept him in bed, extenuated his body (which without

help of Milk Clyffers, was coftivc^ he treouently fain-

ted with fweats, and a tickling flcepinefs in both legs.

P Un-
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Under the tyranny of this legion of fymptoms, our

Wcftern Apollo^ Dr. Bidgood of Exeter was confulted,

who affirmed them all to be caufcd by the remaining

Bullet, which pafiing through the Larjtjx^wzs fallen in-

to one of the branches of the Trachea , where it would
abide, in defpight of any endeavours to ejcft it ; yet

to alleviate the violence of the accidents , he direded

to theule of emollient Eclcgmas^ temperate Cordials

€^f. by help of which , and fomc other propitious

circumftances, he not only recovered his legs, becoming

able to walk, and ride a fmall Journey, but alfo confum-

mated Marriage with a your^ woman of 2 5— whoaf-
terward brought him two Childrcn,whereofone isnow

alive, and very lufty^ and was feven months gone with

a third, when he died : the more wonderfiil if the wo-
man were juft to him (ofwhich there appeareth norca-

fon to doubt) bccaufe a very little motion would (bin-

creafc his difficulty ofbreathing, as to make him faint.

After Matrimony he had divers lucid Intervals , at

times would be very brisk, and at otheri very languid,

and faint, like a dying man : he continually expectora-

ted, fometime« grumous coagulated Blood, otherwhilej

very recent , now purulent foetid matter, then laudaWfe

fHs, His natural averfion to Medicine caufed him to re-

jeft what was advifed by Dr. Bidgood^ Dr. Lcrrer, Dr.
Sprage^&c, faving a few of the more flight mixtures:

And although Sack had been fiirmerly very familiar to
him,he wasnow forced to fhun it,and allftrong Drinks,

bccaufe they would infallibly produce a Cardialgia , a
pulfant throbbing of the Heart, and labouring in his

Breaft: the firft of thcfe perhaps proceeded from his

Conftitution, which inclined to Choler ^ but the lat-

ter undoubtedly,from the clfcrvefccncy, and warm mo-
tion, towhich it enforced the Blood, which the obftru-

6i\on and preiTurc the Bullet occafionedin the Pfrenmom

organs, could not peaceably admit of: wherefore
he refolutely fixed to fmall Drink , and (hunncd , a?

much as poffible, all evitableExcrcife, laving that of



his hands, which he frequently employed in making
Net-work.

In the Year 1676. he applied himfclf to our ingeni-

ous and learned Country-man, Dr Mdj/ovp of Bath^ who
agreed with Dr. Bidgood , that the remaining Bullet

lodging in the Lungs, was the occafion of all thole ill

fymptomes under which he laboured 3 but feemed to

diffent fi-oai his prerage,by hoping he might expcdtorate

it : to atchieve which , he dircded to have the body
fufjxrnded head downwards, and fumes ofScorax, Ben*
jamin, d^c. to induce expulfive Coughing^togcther with
eoncuffions of the body,andall precedea with an open-

ing courfe, to relax, and dilate the veffels of the Brcaft 5

all which were uled to no purpofc , (ave to vcrific Dr.
Bidgoods Prognoftick, that no efflation , how violent

fbever, would be able to extrude it , and inhaunce the

Patients defpair ofbeing ever cured 3 from which time

he never attempted it : fo that thole fymptomes before

mentioned, continuing until the W'mter, and then gain-

ing confiderably onhim,erpecialIy the Hamoptyjts^ C^r.

he languifhed till the ninth of December laft , and then

died.

The tenth Drtto faflifted by his Son-iti-Iaw) I open-

ed the Thorax^ in prefence of two other Chirurgions

of the place ,
together with divers perfons of Quality,

whole curiofity led them to lee the examination , be-

caufe the Bullets being there, was fo much doubted by
many, and dilputcd as impoflible by others. In the dil-

fed:ion the following particulars wereoblcrvablc.

The Body was extenuate and tabid.

The right lobes of the Lungs were replete, found,

and well coloured.

The Serum in the Pericardium was almoft all ablu-

med.
The Heart ftrangely Ihrivelled and very fmall.

Under the Pericardium (the Body being fupirrc) we
found a lump of coagulated Blood, as big as a Pigeons

Egg 5 near which lay alfo a fubftance, (hapcd like an

P a obtufc
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obtufc headed mufclc, having a Tendon-like tai],which

infinuated to the Pendant Lobe : Its body was above
an half inch thick. Its other diracnfions and fhape ex-

aftly like that of the figure X, of which A (heweih
the head or upper end, B the tail , which in drawing
out of the rotten Lungs (being alfo corruptedJ broke
afunder. Its Texture leemcd fibrous, like that of the

Kidneys, being white one half way through, the reft of
a dark red ; it was very foft and plum

,
having a firm

fmooth tegument, and flit very much like a Shccps kid-

ney.

The left Lobe of the Lungs was cadaverous , and
hollow, by an abfcefs which had difcharged near a pint
of very fcetid and purulent matter, into that fide ofthe
Uunk where it lay immured up, by the adhefion of the

Lungs on that fide, to the Plttira^ "which with the D/a^
phragMo, as far as the matter extended, was livid, and
eroded.

We examined this rotten part of the Lungs, witb
what exaftnefs and curiofitywe were capable of, amidft
fuch a crowd as were prefent 3 and the more trouble-
fome ftcnch of the Cadaver , and found though the
whole Parenchyma were rotten, and no firmer than co-
agulated Blood (with which it had very near refem-
blance)yet the branches of the Trachea continued into
it were uncorrupt, and found ^ nor in any ofthem could
we find what we very confidently prefumed to be
there, viz.. the BuJIet.

Wherefore I rcfolved to feek it the way by which it
muft have entred , and accordingly dividing the
Trachea at its infcrtion to the Lungs, I thruft in a ben-
ded Probe to the left branch, and there felt him, lying
loofc about two inches within it, which with ray fin-
gers I eafily ex prcfTcd at the divided end of the pipe:
to do which, Ilaidit bare fo far as where the Bullet
had lodged ^ and I proteft, to my wonder , I found it
notany way injured, or altered, by hardncfs, eroGon,
C^f. though the Bullethad divers impreffions from the
later. The.



[ I09]

The fanguiferous veffds, though lacerated , and cut
in the difledtion , did yield little or no Blood, cither
fluid or coagulate.

Thus far is true Hiftory, and matter of fadi: ^ I muft
now beg your pardon , if I prcfumc to give my fenfe,

and apprehcnfion of forae of thofc Phaenomena here
related.

The extenuation of the body , the abfumption of
the /cr;/«r in the Heart-bag, and the comration of the
Heart, were the cffcds of the Tabes 5 and that occa-
fioned by the Bullets injuring the Lungs, and pedoral
vcflels.

The lump ofcoagulate blood found under the Heart-
bag was extravafate from the rotted veins, and arteries

of the Lungs.

That ftrange fubftance lodged between the Per/V^r-

J/i/w, and the Bullet, waseithcr a Pi?/y/>«f, and the cx-
crcfcencc of fomc part, or it was generated by nature,

and lubftituted for a cufhion to defend the Heart from
injury, by fo uneafie a neighbour. That Polypufcs have
been found in the Heart, is affirmed by Nicolas Tulpiuf^

Marcellus Malpighiuf, G. Garnaruf^ &c. but their fhape

and texture differing vaflly from that of ours, giveth

reafon to believe this to be none 5 efpecially conlidcr-

ing that they all excrefcing from the Heart , or fbmc
carneou* part, are infeparably united and radicated to

their original, and are fpungy ^ whereas this was no-
thing lefs, having no root, nor (b much as an adhefion

any where, faving at the tail 5 the fmall end of which,,

being rotted by the Lungs, into which it coockiued,.

did eafily divide upon my endeavour to draw it out :.

the body of italfo lay loofc in the aforefaid interftice,

and as eafily flipped out, as a Wen, or a Struma^ when,
the containing parts are opened. Its fubftance was not
fungous, butof afoft firmnefs, like a Kidney and in

whatever circumftances it may relcmble a Polypus, as

it doth the figure of that of the Nofe, vtdc N. TulpH

ob,Mcd» lib,i, obf. 26.yet it alfo differs from all other ex-



crefcences, befides, in what hath been mentioned, in

that it was not rooted in any fleOiy, bony,ormurculous

part ; and fuch the Lungs are well known not to be : it

muft therefore be the ftupendious effeft of Natures in-

duftry and laid as a cuftiion to defend the Heart, &c.

Its compoGtion being fo delicately foft , and yet tirm

enough for fuch a purpofe:4ts magnitude, fituation,c^c.

concurring alfo to confirm this opinion concerning it j

befides wKich , I do almoft remember , and beheyc

Cthough I cannot be pofitive; that the pulfant pain he

had fo violently in his Breaft, toward the left fide, de-

crcsifed gracUtiw, from the time of the deglutition : if

that be true, whatever the fubftance were , or its caufe,

its effects were very propitious, manifefting nature to

be , not only a diligent fupplicr of her own defeds,

but as induftrious to produce ftrange and unaccount-

able relief, in fuch emergencies as this before us : A re-

fcmbling ftory we have from A Pareus.lib, 8.iap. 15.

The abfcefs was without doubt from a Phlegmon of

the Lungs 5 and becaufe for the mofl part it was below,

or beyond the Bullet , it proceeded rather from its ob-

ftruding, and fo ftagnating the Blood, and recrements in

.that Lobe, than from extravafation. What occurred of

the latter, was expedtorated, or remained in fuch Coa-

gulums as that found under the Heart.

Thecaufeof the Bullets falling, rather into the left

than the right RtfwaKfofthe Trachea, is obvious from

the more fupine and dired: figure thereof, correfpond-

ing with the trunk, as the figure doth manifeft : which

confideration, together with the Bullets being loofe in

the pipe, renders the unfuccefsfulnefs of Dr. Maj^ows

attempt very wonderful : I am inclined to believe it

was fo, cither for want of a more early trial, or a more

skilful tryer , than him who was employed about it.

The way was ingenioufly contrived, and (as the Do-
aorhimfelf tddmej had been fuccefsfully experien-

ced in the like occafion. Certainly , had not the di-

ftance of the Doftors abodc,and very important avoca-

tions.
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cions, denied his peifonal affillance : or had any other
perfon skilled in Anatomy, c^r. been fubftituted, the
Bullet from his own favourable (hape, and more propi-
tious gravity, and particularly from the ftrong efllaii-

ons they provoked
, together with the aflKlant poftute

of the body, would htve been extruded. Had they
infteadof hanging him perpendicular, made him incline

a httle to the right fide, to have made the left Ramus
more prone 3 and at the fame time made him diftend
the pipes by fucking in as much breath as xhcy could
contain , their other means might have been effedlual

,

which I am induced to prefume from the profpcrous
tfFcds of the like attempt, and yet wanting many of
theiradvantagesslmeanthercvcrfionof a Stone, when
fticking,and not able,to pafs through the Urinary Chan-
nels. Let any Phyficians fcrioully perpend the difficul-

ty of this, with the advantages for the former, and
they will juftifie my opinion.

The erofion of the P/d?//rj,and Draphr/igme^ was from
the acidity of tTie matter, gnawing and corrupting

them 5 for though the Trachea wonderfully efcaped

fuch imprcflions, the Bullet difcovered on its (uperfi-

cies, divers marks of erofion^ which all acids produce
with much facility, upon the faccharous or (aline parts

of Lead, as is to be feen by immcrfing it in vinegar.

And now Sir, to relieve your patience (no lefs than

my own^ perhaps already wearied with the prolixity

of this Narrative, give me leave to conclude, with fug-

gefting, that I am of a belief ("having perufed moft of
the publick accounts of this kind) that fcarcely a rarer

accident, and accompanied with (uch ftupendious cir-

cumftances, hath occurred to the prefent age than this 3

that an extraneous body, fo large, fo heavy , fo hard;

fhould flip down that difficult , and unufual way of
the Weafon, and abide fo long in the organs of refpira-

tion, info aged a perfon, admitting after it (uchexer-

cifcs, as he performed, Riding, Marriar ^'^c, that na-

ture fliould fo unaccountably provide luch a pertinent

fence
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fence againfl: injaries accidentally accruing , and that

event he fmalleft Karaifications ofthe Trachea^ though

immerfed in fuch a Cadaver^ .(hould be prelcrvcd from

injury thereby. I am fure in the voluminous Obfct-

vations of SchemkjMif ,
Horjiiuf^ Riverins^ BartMine^

Burrjet^ &c, nor among all the ftories in Mr. Oldenburgs

Tianfaftions,or the Mrfiellanej Cnnofa of the Lerpfa/ck,
Doftors, hath it a Parallel.

This, and whatever is elfe contained in this Hiftory,

as my S'iclc , I fubmit to the better fenfe, and reafon of
the Learned , not prefuming to be pofitive in any
thing, fave in affirming ray felf^ C^c.

JAMES rOVNG.
P. S.

For the plainer underftanding where the Builct

lodged in the Wind-pipe, I have drawn and (ent you
an G\2L^ figure of theTr4jf^e<*,excarnified^ as its to be
be found in Gerrard BLjjitfs

,
SynXagmd Anatomicum

J,
Vepngj, See figure Y in the 1 1 1.^ Table.

C pomts to the 7r*?f/>ej divided under the Larynx.

D the right Ramus of the Trachea, E the left.

jp the place where the Lungs adhered to the Pleura.

g g g, C^^tf. the extremities of thofe branches of the
Ajp€raarteria^d\v2Lv\ci\tcd into the rotten Lobe.

Hthe Bullet in the pipe where it was found.
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Fotentia Reflitutiva^
O R

SPRING.
He Theory of Springs, though
attempted by divers eminent

Mathematicians of this Age
has hitherto not been Publifhcd

by any. It it now about eighteen

years fince I firft found it out,

but defigning to apply it to (brae

particular ufe, I omitted the

publilhing thereof.

About three years fince His Majcfty was pleafed to

fee the Experiment that made out this Theory tried

aLtWhite-Hal/, as alfb my Spring Watch.
About two years fince I printed this Theory in an

Anagram at the end of my Book of the Defcriptions of
Heliorcopes,z//ss.ce ; / / n o s s s it n ujd eJi^ZJt tenjio Jic

vk'-i That is, The Power of any Spring is in the fame
proportion with the Tenfion thereof; Th;it is, ifone
power ftretch or bend it one fpace, two will bend it

two, and three will bend it three, and (b forward.

Now as the Theory is very (hort, fo the way oftry-
ing it is very eafie.

Take then a quantity of even-drawn Wire, either

Steel, Iron, or Braft, and coyl it on an even Cy-
linder into a Hehx of what length or number ofturns
you pleafe, then turn the ends of the Wire into

Loops, by one of which fufpend this coyl upon a

nail, and by the other fuftain the weight that you
would have to extend it, and hanging on feveral

Weights obferve cxadly to what length each of the

weights do extend it beyond the length that its own
weight doth ftretch it to, and you uiall find that if

£ one



one ounce, or one pound, or one certain weight
doth lengthen it one line, or one inch, or one cer-

tain length, then two ounces, two pounds, or two
weights will extend it two lines, two inches, or
two lengths , and three ounces, pounds, or weights,

three lines, inches, or lengths ^ and lo forwards. And
this is the Rule or Law of Nature, upon which all

manner of Reftituent or Springing motion doth pro-
ceed, whether it be of Rarefadion, orExtenfion, or
Condenfation and Compreffion.

Or take a Watch Spring, and coyl it into a Spiral,

as no part thereof may touch another, then pro-

vide a very light wheel of Braft, or the Hke, and Hic

iton an arbor that hath two fmall Pivots of StceJ,

upon which Pivot turn the edge of the faid Wheel
very even and fraooth, lb that a (mall filk may be

coyled upon it ^ then put this Wheel into a Frame, Co

that the Wheel may move very fircely on its Pivots 5

feften the central end of the aforcfaid Spring clofe to

the Pivot hole or center of the frame in which the

Arbor of the Wheel doth move, and the other end

thereof to the Rim of the Wheel, then coyhng a flne

limber thread of filk upon the edge of the Wheel
hang a fmall light fcaleattheend thereof fit to receive

the weight that fhall be put thereinto^ then fuffering

the Wheel to ftand in its own pofition by a little index

faftned to the frame, and pointing to the Rim of the

Wheel, make a mark with Ink, or the like, on that

part of the Rim that the Index pointeth at 3 then put

in a drachm weight into the (cale, and (liffer the

Wheel to fettle, and make another mark on the Rim
where the Index doth point ^ thenadd a drachm more,

and let theWheel fettle again, and note with Ink, as

before, the place of the Rim pointed at by the In-

dex 5 then add a third drachm, and doas before, and
fo a fourth, fifth, fixth, feventh, eighth, e^c. fuffer-

ing the Wheel to iettle, and marking the feveral

places pointed at by the Index, then examine the

Diilances



Ditonces of all fhofe marks, and comparing them
together you (ball find that they will all be equal

u ^rrt^^^*^^"^^^^^'^^
that if a drachm doth move

the Wheel ten degrees, two drachms will move it
twenty, and three thirty, and four forty, and five
ntty, and io forwards.
Or take a Wire (Vring of twenty, or thirty, or

torty foot long, and faften the upper part thereof to
a nail, and to the other end faften a Scale to receive
the weights: Then with a pair of Compaflcs take the
diftance of the bottom of the fcalc from the ground
or Hoor underneath, and fet down the faid diftance
then put m weights into the faid fcale in the fame
manner as in the former trials, and meafure thefeveral
Ihetchings of the faid fhing, and fet them down.
Then compare the feveral ffretchings of the faid
Itring, and you will find that they will always bear
the fame proportions one to the other that the weights
do that made them.
The fame will be found, if trial be made, with a

piece of dry wood that will bend and return', if one
end thereof be fi xa in a horizontal pofture' and to
the other end be hanged weights to make 'it bend
downwards.
The manner of trying the fame thing upon a body

of Air, whether it be for the rarcfadion or for the
compreflion thereof I did about fourteen years fince
publiOi in my Mkrographia, and therefore I (hall
not need to add any further defcription thereof.

Each of thefe ways will be more plainly under-
Itood by the explanations of the annexed figures.
The firft whereof doth reprefent by A B the coyl

or helix of Wire, Cthe end of it, by which it is fu-
fpended, D the other end thereof, by which a fmall
Scale E is hanged, into which putting Weights
as F G H r K L M N, fingly and feparately they beingm proportion to one another as 12345678 the
Spring will be thereby equally ftretcht to o,{,q,r,s),u,rp,

B 2 that
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that is, if F ftretch it fo as the bottom of the Scale

dcfcend to <?, then G will make it defcend to

Htof, Ito r, Kto/jLto^ M to «, and N to &c.

So that xo (hall be one fpace, xp, 2, Xf, ?, xr, 4,

X/, 5, xf,6, x«, 7, xn>,8.

The fecond figure reprefents a Watch Spring coy-

led in a Spiral by C A B B B D, whofe end C is fixed

to a pin or Axis immovable, into the end of which
the Axis of a fmall light Wheel is inferted, upon
which it moves ^ the end D is fixed to a pin in the

Rim of the Wheel yyyy, upon which is coyled a

(mail filk, to the end of which is fixed a Scale to re-

ceive the weights. To the frame in which ihefe arc

contained is fixed the hand or Index z ; then trying

with the former weights put into the Scale E, you
will find that if F put into the Scale E finks the bot-

tom of it X to (7, then G will fink it to and H to ^,

I to r, K to /, L to ^,and z will point at 1 ,2,3,4,5,6,7,8^

on the Wheel.
The trials with a ft raight wire, or a ftraight piece

of wood laid Horizontal arc fo plain they need not

an explication by figure, and the way of trying; upon
Air I have long nnce explained in my Micogra-

fhia by figures.

From all which it is very evident that the Rule or
Law of Nature in every fpringing body is, that

rtic force or power thereof to reltore it felt to its na-

tural pofition is always proportionate to theDiftance

or fpace it is removed therefrom, whether it be by
rarefadtion, or fepa ration of its parts the one from the

other, or by a CondenfcUion, or crowding of thofer

parts nearer together. Nor is it obfervable in thefe

bodys only, but in all other fpringy bodies whatlb*
ever, whether Metal, Wood, Stones, baked Earths,.

Hair, Horns, Silk, Bones> Sinews, Glafs, and the like.

Refped being had to the particular figures of the
bodies bended, and the advantagious or difadvanT
tagious ways of bending theoi.

From
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From this Principle it will be cafie to calculate

the feveral ftren gth of Bows, as of Long Bows or

Crofs-Bows, whether they be made ofWood, Steel,

Horns, Sinews, or the like. As al(b of the Baliftx or

Catapulu ufed by the Ancients, which being once

found, and Tables thereof calculated, I (hall anon

(hew a way how to calculate the power they have

in (hooting or carting of Arrows, Bullets, Stones,

Granadots, or the like.

From thefe Principles alfo it will be eafie to calculate

the proportionate ftrengih of the fpring of a Watch
upon the Fufcy thereof, and confequently of adjuft-

ing the Fufey to the Spring fo as to make it draw or

move the Watch always with an equal force.

From the fa me alfo it will be eafie to give the rea-

fon of the Ifochrotte motion of a Spring or extended

ftring, and of the uniform found produced by thofe

whofe Vibrations are quick enough to produce an

audible (bund, as likewifcthe rca(bn of the founds,

and their variations in all manner of fonorous or

fpringing Bodics,ofwhich more on another occafion.

From this appears the reafon, as I fhall (hew by

and by, why a Spring applied to the balance ofa

Watch doth make the Vibrations thereof equal, whe-

ther they be greater or fmaller, one of which kind I

fhewed to the right Honourable the Lord Vifcount

Brounkcr^ the Honourable Rc^i^er^ J5i?yt'Efq^ and Sir

Robert Morey in the year 1660. in order to have got-

ten Letters Patents for the ufe and benefit thereof.

From this it will be eafie to make a Philofophical

Scale to examine the weight of any body without

putting in weights, which was that which I menti-

oned at the end of my defcription of Heliofcopes, the

ground of which was veiled under this Anagram,

c cdiinn oapsssttHU^ namely, TJt portdus (icten^

Jio, The fabrick of which fee in the three firft figures.

This Scale I contrived in order to examine the gra-

vitation of bodies towards the Center of the Earth,.

B 3 viZiXo



vi%. to examine whether bodies at a further diftance

from the Center of the Earth did not lofe (bmewhat
of their power or tendency towards it. And pro-

pounded it as one of the Experiments to be tried ac

the top of the Pike of Teneriff\ and attempted the

fame at the top of the Tower of»St. PauIs before the

burning of it in the late great Fire ^ as alfo at the top

and bottom of the Abby of St. Peters in Wejiminfier

though thefe being by but (mall diftanccs removed
from the Surface, I was not able certainly to perceive

any manifeft difference. I propounded the lame alfo to

be tried at the bottom and feveral ftations of deep
Mines ^ and D. Powtr did make fome trials to that end,

but hislnftrumcnts not being good, nothing could be
certainly concluded from them.

The(e are the Phenomena of Springs and fpringy

bodies, which as they have not hitherto been by any
that Iknow reduced to Kules, (6 have all the attempts

for the explications of thereafonof their power, and
of fpringinefs in general, been very infufficient.

In the year 1660. I printed a little Trad, which I

called. An Attempt for the exflication of the Phefjomc-

fM^ d^c. of the rifing of water in the pores of very
final 1 Pipes, Filtres, ^c. And being unwilling then to

pnblifh this Theory, as fuppofing it might be preju-

dicial to my defign of Watches, which I was then
procuring a Patent for, I only hinted the principle

which I fuppofcd to be the caufe of thefe Phaenomena
of fprings in the 3 1 page thereof in the Englilh Edi-

tion, and in the 98 page of the Latine Edition, tran-

flatedby M.Behem, and printed at Amjierdam^ 1662,
But referred the further explication thereof till fome
other opportunity.

The Principles I then mentioned I called by the
names of Congmity and Incoftgmitj of bodiesr And
promifed a further explanation of what I thereby
meant on fome other occafion. I (hall here only ex-
plain fb much of it as concerns the explication of this

prcfcnt Phaenomenon. By



C73
By CoMgruit^ and hcoftgruity then I underftand no*

thing elfe but an agreement or difagreement of Bo-

dys as to their Magnitudes and motions.

Thofe Bodies then I fuppofc congruous who(e

particles have the fame Magnitude, and the (ame de-

gree of Velocity, or elfe an harraonical proportion

of Magnitude, and harmonical degree of Velocity.

And thofe I fuppofe incongruous which have neither

the fame Magnitude, nor the (amedegrceof Velocity,

nor an harmonical proportion of Magnitude nor of
Velocity.

I (upp>ore then the fenfible Univerfe to confift of

body and motion.

By Body I mean fomewhat receptive and commu-
nicative of motion or progrcflion. Nor can I have any

other Idea thereof, for neither Extention nor Quan-

tity, hardnefs nor foftncfs, fluidity nor' fixednefs, Rare-

faftion nor Denfation are the proprieties of Body,

but of Motion or (bmewhat moved.

By Motion I underftand nothing but a power or

tendency progreffive of Body according to feveral de-

grees of Velocity.

Thefe two do always countcrballance each other in

all the effcfts, appearances, and operations of Na-

ture, and therefore it is not impoUible but that they

may be one and the fame^ for a little body with great

motion is equ'rvalent to a great body with little moti-

on as to all its fenfible cffi^s in Nature.

I do further fuppofe then that all things in the Uni-

verfe'that become the objeds of our fenfes are com-

pounded of thefe two ( which we will for the pre-

fent fuppofe diftind elTences, though poffibly they

may be found hereafter to be only differing concepti-

ons ofoneand the fameeffence)naraely,Bi^<5(r,and Moti-

on. And that there is no one fenfible Particle of matter

but owes the greatefl part of its fenfible Extcufion to

Motion whatever part thereof it ows to Body accord*

TOBL to the common notion thereof : Which is, that^ Body

.
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Body is fomewbat that doth perfe£k!y fill a determi-

nate quantity of fpace or extenfion fo as neceffarily

to exclude all other bodies from being comprehended

within the fame Dimenfions.

I do therefore define a fenfible Body to be a de-

terminate Space or Extenfion defended from being

penetrated by another, by a power from within.

To make this the more intelligible, Imagine a

very thin plate oi Iron, or the like, a foot fquarc,

to be moved with a Vibrative motion forwards and

backwards the flat ways the length of a foot with

fo fwift a motion as not to permit any other bo-

dy to enter into that fpace within which it Vi-

brates, this will compofe fuch an efTencc as I call in

my fenfe a Cubick foot of fenfible Body, which dif-

fers from the common notion of Body as this fpace

of a Cubick foot thus defended by this Vibrating plate

doth from a Cubick foot of Iron, or the like, through-

out (olid. The Panicles therefore that compofe ail

bodies I do fuppofe toowe the greatcft part of their

fenfible or potential Extenfion to a Vibrative motion.

This Vibrative motion I do not fuppofe inherent or
infeparable from the Particles of body, but communi-
cated by Impulfes given from other bodies in thellni-

verle. This only I fuppofe, that the Magnitude or

bulk of the body doth make it receptive of this or-

that peculiar motion that is communicated, and not
of any other. That is, every Particle of matter ac-

cording to vs determinate or prefent Magnitude is

receptive of this or that peculiar motion and no
other, fo that Magnitude and receptivity of motion
feems the fame thing: To explain this by a fimilitude or
example. Suppofe a number of mufical flrings,as ABC
D E, &c. tuned to certain tone$,and a like number of
other firings, as 4,^,f,</,e, &c. tuned to the fame founds
refpe^lively, A fhall be receptive ofthe motion of^r,

• but not of that of/»,r, mrd-^ in like manner Bfhall be
receptive of the motion of ^, but not of the motion

of
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of tf, c or d. And Co of the reft. This is that which
I call Cofigrtiity and Incortgruitj.

Now as we find that mufical ftrings will be moved
by Unifons and Eighths,and other harmonious chords,

though not in the lame degree 3 fo do I fuppole that

the particUj of Matter will be moved principally by
fuch motions as are Unifons, as I may call them, or of
equal Vclocit)^ with their motions, and by other har-

monious motions in a lefs degree.

I do further fuppofe, A lubtil matter that incom-

paffeth and pervades all other bodies, which is the

Menftruum in which they fwim which maintains and
continues all (uch bodies in their motion, and which

is the medium that conveys all Homogenious or Har-

monical motions from body to body.

Further I iup pole, that all fuch particles of matter

as are of a like nature, when not fcparated by others

of a differing nature will remain together, and
ftrengthtn the common Vibration of them all againft

the differing Vibrations of the ambient bodies.

According to this Notion I (uppofe the whole
Univcrfe and all the particles thereof to be in a con-

tinued motion, and every one to take its (hare of
fpace or room in the fame, according to the bulk of
its body, or according to the paiticular power
it hath to receive, and continue this or that peculiar

motion.

Two or more of thefe particles joyned immediately

together, and coalefcing into one become ofanother
nature, and receptive of another degree of motion

and Vibration, and make a compounded particle

differing in nature from each of the other par-

ticles.

All bulky and fenfible bodies whatfoever I fuppofe

to be made up or con^pofed of fuch particles which
have their peculiar and appropriate motions which are

kept together by the differing or diffonant Vibrations

of the ambient bodies or fluid.

C According



According to the difference of thefe Vibrative

motions oF the Incompafling bulks. All bodies are

more or kfs powerful in preferving their peculiar

fhapes.

All bodies ncer the Earth are incompafled with

a fluid fubtil matter by the differing Velocity of

whofe parts all folid bodies are kept together in rhe

peculiar fhapes, they were left in when they were la ft

fluid. And all fluid bodies whatfoever are mixed

with this fluid, and which is not extruded from them
till they become (olid.

Huid bulks differ from folidsonly in this, that all

fluids confift of two forts of particles, the one this

common Mcnftruum near the Earth, which is inter-

fperfed between the Vibrating particles appropriated

to that bulk, and(() participating of the motionsand

Vibrations thereof: And the other, by excluding

vholly, or not participating of that motion.

Though the particles or folid bodies do by their

Vibrative motions exclude this fluid from coming be-

tween them where their motions do immediately

touch, yet are there certain fpaces between them
which are not defended by the motion of the par-

ticles from being pervaded by the Heterogeneous
fluid mcnftruum.

Thefe fpaces fo undefended by the bodies and Vi-
brative motion of the particles, and confequently
pervaded by the fubtil incompafling Heterogeneous
fluid are tho(e we call the infenfible pores of
bodies.

According to the bignefsof the bodies the motions
are, but in reciprocal proportion: That is, the big-
ger or more powerful the body is, the flower is its

motion with which it compounds the pamcles5 and
the lefs the body is, the Iwifter is its motion.

The fmaller the particles of bodies are, the nearer
do they approach to, the nature of the general fiuid^

and



and themore ealily do they mix and participate of itj
motion.

The Particles of all folid bodies do immediately
touch each other , that is, the Vibrative motions of
the bodies do every one touch each other at every
Vibration. For explication. Let A B C reprcfent
three bodies, each of

thefe bodies I fup- p A E B F C CJ
pole to have a Vi-

brative motion on ei-

ther fide of it, A be-

tween D and E,B be-

tween E andF, and C between Fand G. I fuppofe

then that B m every one of its Vibrations doth meet
A at E, and C at F, and (o the motions are continually

interclupged ; That is, B communicates its motion to

A atE,and A at thedme time and place communicates
its motion to B, whi:h returning to F meets there

with C, and communicates its received motion to C,
which at the fame inftant and place communicates its

own motion to B, which returns it back to E : So
that the Velocity of thefe bodies is always the fame,

and each body imprelleth on the contiguous bodies

fuch a determinate number of pulfes within a certain

fpace of time. Suppofe for inftance, in every fccond

of time B communicates to A and to C one million

of pulfcs, and hath received as many from each

of them, by which means each of them doth pre-

ferve its own fpace of Vibration, according to the

power of its Vibration, that neither of the contigu-

ous bodies can enter into it. The extreme particles

A and C are repcrcuffed by the motion of the am-

bient Heterogeneous tluid, whereof though the bo-

dies are of differing magnitudes, yet the body and

motion of the one are equivalent to the body and

motion of the other, fo that whatever the body be

Icfs, the motion is quicker 3 and where the bodv is

bigger, the motion is lefs. But the Particles of fluid

C 2 bodies



bodies do not immediately touch each other, but

permit the mixture oi the other Heterogeneous fluid

near the Earth, which fervcs to communicate the mo-

tion from particle to particle without the immediate

contaft of the Vibrations of the Particles.

All folid Bodies retain their lolidity till by other

extraordinary motions their natural or pioper moti-

ons become intermixed with other differing motions,

and fo they become a bulk of compoimded motions,

which weaken each others Vibrative motions. So

that though the fimilar parts do participate of each

others motions, whereby they indeavour to joyn or

keep together, yet do they alio participate of an He-

terogeneous motion which endeavours to fcparate

or keep them afunder. And according to the preva-

Jency of the one or the other is the body more or lefs

fluid or folid.

All bodies whatfoever would be fluid were it not

for the cx.ternal Heterogeneous motion ot the Am-
bient.

And all fluid bodies whatfoever would be un-

bounded, and have their parts fly from each other

were it not for fomc prevailing Heterogeneous mo-
tion from without them that drives them more power-
fully together.

Heterogeneous motions from without are propa-

gated within the folid in a dired line if they hit per-

pendicular to the fupcrficies or bounds, but ifob-
liquely in ways not dired,but different and defleded,

according to the particular inclination of the body
ftriking, and according to the proportion ofthe Par-
ticles ffriking and being (truck.

All fpringy bodies whatfoever conHft of parts thus
qualified, that is, of fmall bodies indued with ap-
propriate and peculiar rr.ot ons, \Ah nee every one of
thefe particles hath a particular Bulk, Extenfion, or
Sphere of activity which it defends from the ingrefs

ojF.aDy other incompafling Heterogeneous body vvhilCl

ia



[13]
in Its natural eftate and balance in thellnivafe.Which
particles being all of the farae nature, that is, of
equal bodies, and equal motions, they readily co-

alefcc and joyn together, and make up one folid bo-

dy, not perfe(ftly every where contiguous, and whol-

ly excluding the above mentioned ambient fluid, but

permitting it in many places to pervade the fame in a

regular order, yet not fo much but that they do whol-

ly exclude the (ame from pafling between all the (ides

of the compounding particles.

The paits of all rpringy bodies would reccdeand

fly from each oihcr were they not kept together by
the Heterogeneous con^.prelling motions of the am-
bient whether tluid or folid.

Thele principles thus hinted, I (hall in the next

place come to the paiticular explication of the man-
ner how they fe.ve to explain the Phjenomena of
fpringing bodies whether folid or fluid.

FirR for folid bodies, as Steel, Glafs, Wood, &e,
which have a Spring both inwards and outwards, ac-

cording as they are either compreffed or dilated be-

yond their natural ftate.

AI 2. 3 4 ^ (T ^ SB
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Let A 15 reprefcnt a line of fuch a body compound-

ed of eight Vibrating particles, as i, 2, 3, 4, 6, 7, 8,

and fuppofe each of thofe Particles to perform a mil-

lion of (Ingle Vibrations, and confequently of oc-

curfions with each other in a fecond minute of time,

C 3 their



tnc Ambient on the two extreme Particles i and 8.

Firft, if by any external power on the two extremes

I and 8, they be removed further afunder, as to C D,
then (ball all the Vibrative Particles be proportiona-

bly extended, and the number of Vibrations, and con-

fcquently of occurfions be reciprocally dirainifhed,

and conlcquently their endeavour of receding; from
each other be reciprocally diminifhed alfb. For fup-

pofing this (econd Dimenfion of Length be to the

firft as 9 to a, the length of the Vibrations, and con-

lcquently of occurfions, be reciprocally dimmifhcd.

For whereas I fuppofed loooono in a fccond of the

former, here can be but 666666 in this, and confe-

qucntly the Spring inward mult be in proportion to

the Extenfion beyond its natural length.

Secondly, if by any external force the extreme par-

f the external natural force being alway the fame
both in this and the former inftance, which is the bal-

lanccto it in its natural ftate ) the length of the Vi-

brations fhall be proportionably diminilhed, and the
number of them, and confequently of the occurfions

be reciprocally augmented, and inftcad of loooooo,
there ftiall be 1500000.

nearer together than

Having



Having thus explained the tnoft fimple way of
fpringing in fo lid bodies, it will be veryeafie to ex-
plain the compound way of Tpringing, that is, by
flexure, fuppofing only two of thefe lines joyncd

G H

K

together as at G H I K, which being by any external

power bended into the form I. N N O, LM will be
extended, arid N O will be diminifhed in proportion

to the flexure, and conft quently the fame proportions

and Kules for its endeavour of reUoring it (elf will

hold.

In the next place for fluid bodies, amongft which
the greateft inftance we have is air,though the (ame be
in fbme proportion in all other fluid bodies.

The Air then is a body confuting of particles fo >

finnll as to be almoft equal to the particles of the
Hcrerogtneous fluid medium incompafling the earth.

It IS bounded but on one fide, namely, towards the

earth, and is indefinitely extended upward being

only hindrcd from flying away thar Wiiy by its own .

gravity, C the caiife of which Khali Ibme other time
explain. ) \\ confiftsof the (ame particles fingle and
feparaied, of which water and other fluids do, con-
joyncd and compounded, and being made of particles

exceeding
.



exceeding fmall, its motion( to make its ballance.with

the reft of the earthy bodies^ is exceeding fwift, and
its Vibrative Spaces exceeding large, comparative to

the Vibrative Spaces of othet terreftrial bodies. I

fuppofe that of the Air next the Earth in its natural

ftate may be 8coo times greater than that ot Steel,

and above a thoufand times greater than that of com-
mon water, and proportionably I fuppofe that its mo-
tion muft be eight thoufand times fv\ ifter than the for-

mer, and above a thoufand times fwifter than the la-

ter. If therefore a quantity of this body be inclofcd

byafolid body, and that be fo contrived as to com-
prefs it into Icls room, the moiion thereof ( fuppofing

the heat the fame ) will continue the fame, and con-

fequently the Vibrations and Occurfions will be in-

creafed in reciprocal proportion, that is, if it be
Condenfed into half the Ipace the Vibrations and
Occurfions will be double in number : If into a quar-

ter the Vibrations and Occurfions will be qua-

druple, &c.
Again, If the conteining Veffel be Co contrived as

to leave it more fpace, the length of the Vibrations

will be proportionably inlarged, and the number of

Vibrations and Occurfions will be reciprocally dimi-

nifhed, that is, if it be futfcred to extend to twice its

former dimenfions, its Vibrations will be twice as

Jong, and the number of its Vibrations and Occurfi-

ons will be fewer by half, and confequently its indea-

vours outward will be alfo weaker by half!

Thefe Explanations will (erve mutatis mntandk for

explaining the Spring of any other Body whatfb-

ever.

It now remains, that I (hew how the conftiturions

of fpringy bodies being fuch, the Vibrations of a
Spring, or a Body moved by a Spring, equally and
uniformly fhall be of equal duration whether they be
greater or le(s.

I have
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I have here already (hewed then that the power of
all Springs is proportionate to the degree of flexure,

vi%. one degree of flexure, or one fpace bended hath

one power, two hath two, and three hath three, and

fb forward. And every point of the fpace of flexure

hatha peculiar power, and confcquently there being

infinite points of the fpace, there muft be infinite de-

grees or power.

And con(equently all thofe powers beginning from
nought, and ending at the laft degree of tenfion or

bending, added together into one fum, or aggregate,

will be in duplicate proportion to the fpace bended or

degree of flexure^ that is, the aggregate of the

powers of the Spring tended from its quiefcent po-

fture by all the intermediate points to one fpace

( be it what length you pleafe ) is equal, or in the

fame proportion to the fquare of one ( (uppofing

the (aid (pace infinitely divifible into the fractions of
one 5) to two, is equal, or in the fame proportion to

the fquare of two, that is four 5 to three is equal or

in the (ame proportion to the fquare of three, that is

nine, and fo forward , and confcquently the aggre-

gate of- the firft fpace willbeone,of the fecond fpace

will be three, of the third fpace will be five, of the

fourth will be (even, and fo onwards in an Arithme-

tical proportion, being the degrees or excefles by
which the(e aggregates exceed one another.

The Spring therefore in returning from any degree

of flexure, to which it hath been bent by any power
receiveth at every point of the fpace returned an

impuKe equal to the power of the Spring in that

point of Tenfion, and in returning the whole it re-

ceiveth the whole aggregate of all the forces belong-
,

ing to the greateft degree of that Tenfion from which
it returned ^ (b a Spring bent two fpaces in its return

receiveth four degrees of impuUe, that is, three in

the firft (pace returning, and one in the fecond ^ (b

bent three fpaces it receiveth in its whole return nine

D degrees
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ckgrees of impulfe, that is, five in the firft fpace rc-

turned,threeintherecond, and one in the third.

So bent ten fpaces it receives in its whole return

one hundred degrees of impulfe, to wit, nineteen in

thefirft, feventeen in the fecond, fifteen in the thirds

thirteen in the fourth, eleven in the fifth, nine in the

(ixth, fevenin the fevcnth, five in the eighth, three*

in the ninth, and one in the tenth.

Now the comparative Velocities of any bodymo-
ved are in fubduplicate proportion to the aggregates

or fums of the powers by which it is moved, therefore

the Velocities of the whole fpaces returned arealways

in the fame proportions with thofe fpaces, they being

both fubduplicate to the powers, and conlequently^

all the times (hall be equal.

Next for the Velocities of the parts of the fpace*

returned they will be always proportionate to the
roots of the aggregates of the powers imprcffcd

in every of thefc fpaces 5 for in the laft inftance,

where the Spring is fuppofed bent ten fpaces,

the Velocity at the end of the fir ft fpace returned

fliallbe as the root of 19. at the end of the fecond

astheRootof 56. thatis, of 19 + 17. at the tnd of
the third as the Root of 51. that is of ip + 17
+ ij. At the end of the fourth as the Root
of 64. thatis of 19 + 17 + 15 + 13. at the end of
the tenth, or whole as the Root of 100. that is as

'^{Tf-^ 17 + 15 + 13 + I* +9+7+ 5+ 3

+ I, equal to 100.

Now fince the Velocity is in the fame proportion
to the root of the fpace, as the root of the fpace is to
the time, it is cafie to determine the particular tiaie

in which every one of thcfe fpaces are pafTcd for
dividing the fpaces by the Velocities corrcfponding
the quotients give the particular times.

To explain this more intelligibly,let A in the fourth
figure reprefent the end of a Spring not bent,or at leaft

CQun-



countcrpoifed in that pofture by a power fixt to it,and

movable with it,draw the line A B C,and let it repre-

fcnt the way in which the end of the Spring by addi-

tional powers is to be moved, draw to the end of it

Cat right Angles the Line C S'Dd^ and let C D re-

prefcnt the power that is fufficient to bend or move
the end of the Spring A to C,then draw the Line D A,
and from any point ofthe Line A C as B B.Draw Lines

parallel to CD, cutting the Line D A inE,E, the

Lines BE, BE, will rcprefcnt the refpecirive powers
requifitc to bend the end of the Spring A to B, which
Lines B E,B E,C D will be in the (ame prroportion with
the length of the bent of the Spring A B, A B, A C.

And bccaufe the Spring hath in every point ofthe
Line ofbending A C,a particular powerjthereforeima-

gining infinite Lines drawn from every point of A C
parallel to C I) till they touch the LineA D, they w ill

all ofthem fill and compofe the Triangle A CD. The
Triangle therefore A C D will rcprefent the aggregate

of the powers of the Spring bent from A to C, and
the lefler Triangles ABE, ABE will reprefent the

aggregate of all the powers of the Spring bent from

A to B, B, and the Spring bent to any point of the

Line A C, and let go from thence will exert in its re-

turn to A all thofe powers which are equal to the re-

fpedlive ordinates BE, BE, in the Triangles, the fum

of all which make up the Triangles A B E, A B E.

And the aggregate of the powers with which it re-

turns from any point, as from C to any point of the

fpace C A as to B B, is equal to the Trapezium

C D E B, C D E B, or the exceffcs of the greater

Triangles abovethe Icfs.

Having therefore (hewn an Image to reprefent the

flexure and the powers, foas plainly tofolve and an-

fwer all QucQions and Problems concerning them, in

the next place I come to reprefent the Velocities ap-

propriated to the feveral powers. The Velocities

then being always in a fubduplicate proportion of
D 2 the
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the powers, that is, as the Root of the powers im-
prefled, and the powers impreft being as the Trapezi-

um or the excefs of the Triangle or fquare of the

whole fpaec to be paft above the fquare of the fpace

yetunpaffed^ if upon the Center A, and (pace AC,
(C being the point from which the Spring is fuppofcd

let goj a Circle be delcribed as C G G F,and ordinates

drawn from any point of C A the fpace to be pa(V,

as from B,B, to the faid Circle,as B G,B G,thefe Lines

B G,B G,wil] reprefent the Velocity of the Spring re-

turning fromC to B, B, d^c, the faid ordinates being

always in the fame proportion with the Roots of the
Trapeziums C D E B, C D E B for putting A C=
to a, and A B b, B G will always be equal to

vi'vaa — bb, the fquare of the ordinate beingalways

equal to the Rcdangleof the intercepted parts of the

Diameter.

Having thus found the Velocities, to wit^ B G, B G,
AF, to find the times correfponding, on the Diame-
ter A C draw a Parabola C H F whofe Vertex is C,and
which paflcth through the point F. The Ordinates

of this Parabola B H, B H, A F, are in the fame pro-

portion with the Roots of the fpaces C B, C B, C A,

then making G B to H B as HB to I B, and through

the points C 11 F drawing the curve C III F, the

rcfpc(33ve ordinates of this curve (hall reprefent the

proportionate time that the Spring fpcnds in re-

turning the fpaces C B, C B, C A.

If the powers or ftiflfnefs of the Spring be greater

than what I before fuppofed, and therefore mu(t be

exprefled by the Triangle C d e A. then the Velocities

will be the Ordinates in anEIlipfcas C^ ^ N, greater

than the Circle, as it will al(o if the power be the

(ame, and the bulk moved by the Spring be Ie(s. Then
will the S-like Line of times meet with the Line A F
at a point as X within the point F.But if the powers of
the Spring be weaker than I fupporcd,then will C e e

K reprefent the powers, and C ^ 7.0 the Ellipfis of
Velocity,



Velocity, whofe Ordinates By.By, AO will give the

particular Velocities, and the S-like Line of time will

extend beyond N. The fame will happen fuppofing

the body ( moved by the Spring ) to be propor-
tionately heavy, and the powers of the Spring the

fame with thehrft.

And fuppofing the power of the Spring the fame
as at firft, bended only to B 2, and from thence let go
B 2 E A is the Triangle of its powers, the Ordinates

of thcCircIeBg Lare the Lines of its Velocity, and
the Ordinatesof the S-like Line B iF are the Lines of
time.

Having thus fhcwed yoiuhow the Velocity of a

Spring may be computed, it will be cafie to calcu-

late to what diftance it will be able ta (boot or throw
any body that is moved by it. And this muft be done
by comparing the Velocity of the afcent of a body
thrown with the Velocity of the defcent of Gravity,

allowance being alfb made for the Refinance and im-

pediment of the medium through which it palTes.

For inftance, fuppofe a Bow or Spring fixed at

16 foot above a Horizontal floor, which is near

the fpace that a heavy body from reft will defcend

perpendicularly in a.fecond of time. If a Spring de-

liver the body in the Horizontal line with a Velocity

that moves it i6 foot in a fccond of time, then ihill

it fall at 16 foot from the perpendicular point on the

floor over which it was delivered with (uch Velocity,

and by its motion (hall defcribe in the Air or fpace

through which it pafles,a Parabola. If the Spring be

bent to twice the former Tenfion, fo as to deliver the

body with double the Velocity in a Horizontal Line,

that is, with a Velocity that moves 32 foot in a fe-

cond, then ffiall the body touch the floor in^'a point

very near at 32 foot from the aforelaid perpen-

dicular point, and the Line of the motion of the

body, fo (hot (hall be moved in a Parabola, or a Line

very near it, I fay very near it, by reafbn that the

D g Impediment



Impediment ofthe medium doth hinder the exa(f^ners

of it. If it be delivered with treble, quadruple

quintuple, fextuplc, &c. the firft Velocity it (hall

touch the floor at almofl: treble, quadruple, quintu-

ple, fextuple, c^r. the firft diftance. I (hall not need

to fhew the reafon why it is moved in a Parabola, it

having been fuffieiently demonftrated long fince by

many others.

If the body be delivered by the Spring at the floor,

but (hot by forae Angle upwards,knowing withwhat

Velocity the (amcis moved when delivered, and with

what Inclination to the Perpendicular the fame is di-

reded, and the true Velocity of a falling body, you
may eafily know the length of theju&us or (hot, and

the time it willfpend in pafTing that length.

This is found by comparing the time of its a(cent

with the time of the defcent of heavy bodies. Thea(^

cent of any body is eafily known by comparing its

Velocity with the Angle of Inclination.

Let a b then in the fifth Figure reprefent 1 6 foot, or

the fpace defcended by a heavy body in a (econd

minute of time. If a body be (hot from />, in the Line

bf with a Velocity as much fwifter than that equal

motion of i6 foot in a fecond, as this Line^ fis longer

than d b the body (hall fall at e , for in the (ame fpace

of time that the oblique equal motion would make
it afcend from bd to a will the accelerated direft

motion downward move it from a c to bci^ and there-

fore at the end of the fpace of one (econd, when the

motions do equal and balance each other, the body
muft be in the fame Horizontal Line in which it was at

firft, but removed afunder by the fpace b e, and for

the points it paileth through in all the hucrmcdiate
(paces this method will determine it.

Let the Parallelogram abpq then reprefent

the whole Velocity of the afcent of a body by
an equal motion of i6 foot in a fecond, and
the Triangle pqr reprefent the whole Velocity

of



of the accelerated Jefccnding motion, p h is then the

Velocity with which the body is (hot, and p is the
point of reft where the power of Gravity begins to

work on the body and make it defcend. Now draw-
ing Lines parallel to dqr^ asstu^s t gives the Velo-
city of the point t afcending, and ///the Velocity of
the ftme point t dcfcending.

Aeain, />/»// fignifics thefpacealcended, and ptu
the rpace defcended, fo that rubtra(!^ing the defcent

from the afccnt you have the height above the Line h

the confidcration of this, and the equal piogrefs for-

wards will give the intermediate Velocities, and de-
termine tiic points of the Parabola.

Now having the 'ja&m given by this Scheme or

Scale, appropriated to the particular Velocity, where-
with any body is moved in this or that line of Incli-

nation, it will be eafic to find what Velocity in any
Inclination will throw it to any length 5 for in any
Inclination as the fquare of the Velocity thus found in

this Scale for any inclination is to the fquare of any
other Velocity, fo is the difbincc found by this

Scale to the diflance anfwering to the fecond Velo-

city.

I have not now time to inlarge upon this fpeculati-

on, which would afford matter enough to fill a Vo-
lume, by which all the difficulties about imprefled

and received motions, and the Velocitifcs and cfFe([^s

refultinc would be eafily refolved.

Nor have I now time to mention the great number
of ufes that are and may be made of Springs in Me-
chanick contrivances, but fhall only add, that of all

Ipringy bodies there is none comparable to the Air for

thevaftnefs of its power of extcntion and contradi-

on^ Upon this Principle I remember to have feen

longfince in V/iulham Colledge, in the Garden of the
learned Dr. I Vilkins^ late Bifliiop of Chejier^ a Foun-

tain fo contrived as by the Spring of the included

Air to throw up to a great height a large and lafling

ftream .
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ftream of water : Which water was firft forced into

the Leaden Ciftern thereof by two force Pumps
which did alternately work, and fo condenfe the Air

included into a fmall Room. The contrivance of

which Engine was not unknown to the Ancients, as

Hero in hb Spiritalia does fufficienily manifeft, nor
were they wanting in applying it to very good ufes,

namely, for Engines for quenching fire: hsVitrnvinf

( by the help of the Ingenious Monfieur Clande Per^

ranlts interpretation ) hath acquainted us in the

Twelfth Chapter of his Tenth Book, where he en-

deavours to defcribe Cteftbius his Engine for quench-

ing fire. Not long fincc a German here in EfigUnd

hath added a further improvement thereof by con-

veying the conftant ftream of water through Pipes

made of well tanned and liquored Leather, joyned

together to any convenient length by the help of
brazen Screws. By which the ftream of water may
be conveyed to any convenient place through narrow
and othcrwife inacccffible pafTages.

The ingenious Dr. Denys Pdpf>hi hath added a fur-

ther improvement that may be made to this CtcfibUn

Engine by a new and excellent contrivance of his own
for making of the forcing Syringe or Pump, which at

my defire he is pleafed to communicate to the Pub-
liqueby this following Defcription, which he fent me
fome time fince.

Dr. Papfins
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Dr. Pappins Letter containing a

T>efcript!on of a JVind^ Fountain, and

his omiparticular contrivance about the

forcer ofits Syringe.

Since the Artificial Fountain you have fecn at

Mr. ( which was of my making upon his

delirc ) hath been fo pleafing to you as to make
you defire to fee my delcription thereof, I cannot

doubt but the fame will be as grateful alfo, and well

received by the Publick, efpeciilly when they (hall

therein find a remedy for one of the greateft incon-

veniences of forcing Pumps, which arc of fo great

ufe for raifing of water, and quenching of fires. This

was the occafion of my fending you this prefent de-

lcription, which would not have been thus prolix

had it been only for your felf.

In the Figure then A A is the Receptacle or body
of the Fountain careful fodered in all places, B B is

the Pump, C C the Plug or forcer, D a Pipe in the

middle of the Plug, which is perfedHy fhut and flop-

ped when the Plate E E is forced down upon it, EE
is the Plate with a hole in the middle, upon which is

fodered a Pipe F, which ferves for a handle to move
the Plug up and down.
G is a Cock at the top of the Pipe, which ferves

to moderate the Jetto or ftream.

H His a Valve at the bottom of the Pump, which
openeih outward for the pafTage of the water out of
the Pump into the Fountain or Receptacle.

1 1 is a Crofs at the top of the Plug to hinder the

Plate E E from being drawn or feparated too far

E frora



(torn the hole D in working it to and fro.

KKare two Pins ferving both to force down and

keep open the Valve H H.

LL are two Appendices fodered unto the top oF

the Pipe F F, ferving both for a handle to the Rod
of the forcer, and affo to keep down the forcer.

M M are two other appendices or buttons faftned

atithe top of the two fmall pillars N N, fo as to turn

upon the fame, and ferve to hafp or button down the

ends LL of the handle of the forcer that it be not

driven up again.

OO is the Bafinfor receiving the water that falls

from the Jet or ftream from which it may be forced

again into the Fountain or Receptacle.

For charging this Machine the Bafin O O muft firO:

be filled with water, and then the Pump muft be

worked to and fro. In doing of which, when the

Plug is drawn upwards the water in the Bafin runs in

through the crofs ( through which the Rod F F paf-

(es,) where finding the holeDopenit fills thefpaces

of the bottom of the Pump, then the Pump being

thus filled, the Plug is to be forced downwards,
whereby the Plate EE being clofely applied to the

brims of the hole D hinders the water from return-

ing back again through the fame, but is forced

through the valve H H into the Fountain A A. And
by repeating this operation all the water of the Bafin

QO is eafily forced into the aforefaid Fountain,

whereby all the Air that was therein contained is com-
prefTed more or lefs according as more or lefs water is

fprced in, and kept in that comprefTion by the valve

H H, which hinders the vvat;er that it cannot re-

turn through the fame.

But when you defire to have it return, you force

down the Plug hard againft the bottom or plate,

which by the help of the aforefaid Pins or Appen-
dices K K force, and keep open the valve H H, and
tJpij^Rpd F beimg kept faft down in this poftare by the

aforefaid



aforefaid Buttons or Hafps M M, upon openinjy thfe

Ckx:k G the water retumeth through the valve H,
fo kept open, through the hole D, and through the
whole length of the Pipe F.

This way of putting a valve into the Plugofibr-
cing Pumps will be of great ufc for all fuch as ferve
for fupplying Towns with water, and for quenching
of fire, as preventing a great inconvenience to which
the common Pumps are ufually fubjcdt from the Air
which is apt to be generated within them, which Air
upon working the faid Pump remaining below the
forcer, and by its Expanfion when the Plug is drawn
upwards, hindring the water from filling the whole
Cavity beneath it, and by its Condenfation when the
Plug is forced downwards, lofing a great part of the
ftrcngth of the force, much of the effeift ot the faid

Machine is frurtrated.

For preventing of which Inconvenience care is to

be taken that the water in all thele forcing Pumps be
admitted by the top thereofas in the prefent Machine,
whereby whatever Air (hall be generated below the

Plug, will readily rife into the hole D as being the
higheft place next the Plate E E, fi*om whence when
by the drawing up of thePlug the Plate is lifted from
the brims of the hole Dthe Air will readily flip up,

and the water as readily delcepd and nil all the

parts of the Pump below the Plug. As I have often
experimented in this prefent Machine.

Some Perfons may objed againft thefe kind of
valves, asfuppofing the preflure of the water to be on
the wrong fide thereof. But it is eafie to be noted
that this objedion is groundlefs, fince it is the fame

thing whether the Plate be prefled againft the Rim
of the valve, or the Rim of the valve againft the plate.

In common valves the PrefTureof the water forceth

the Plate againft the Rim : But in this the Rim againft

the Plate ^ for the remaining folid Rim of the valve,

being made thrice as big as the hole or Cavity thereof

E 2 the



the prefTure of the water againfl: that Rim forceth

the faid Rim againft the Plate in the middle three

times harder than if the preflure of the water lay

only on the plate ofthe value, the fame would be prefr

fed againft the Rim.

To this Di(courfe of an Artificial Fountain I

thought it not improper to add an ingenious Dif-

courlc of M. James Tottng of Plimouih conteining his

own Obfervations and Opinion concerning natural

Fountains and Springs.

HAving now gained time, from my other avo-

cations, I have drawn up thofe obfervations*

I told you I had made in my travels, which had

confirmed in me the opinion of my Lord Bacorr^ that

Fountains and Springs were the Percolation of

the Sea ^ not ( as your felf, Mr. Ray^ &c, do afTcrt)

from the rains dcfcent into the Earth, I now repre-

fent them to your confideration, rather as an Apology

C becaufe they fecm rational ) to excufe, than Argu-

ments to juftifie and avow the prelumption of my
dilTent.

The firft fhall be the Pha?nomena, I obfervcd at

Ifle de Majo^ which lieth in the Torrid Zone, about

thirteen degrees and 30 minutes, North from the

Equator. It s about fix Leagues long, and four

broad, the wind bloweth conftantly North Eaft, or

thereabout, and without rain, except, three weeks in

J/z/f, when it hath many fhowers 5 I here fend you a

Map of the Ifland, ascxadly as I could draw it. I

was there two Voyages, and each remained a full

ra,onth, the bcft part of which I fpent in hunting, and
ranging thellland^ there runneth through the middle

ofita i^ivulct, of very pure water 5 It takes its rife

hojii





9^ ItJ af*erutu SSW/rov



from the bottom oftwo Hills,which lie on the North
Eaftend, The ftream at the place marked D, is about

fourteen foot wide and two deep ^ other than which
there is no frelh water on the whole iQand, except

what our people dig out of the land between the

Ocean and the fait Pond.

The (aid Pond is in a large Bay, at the Weft fide

of the Illand, which hath from one point to another

a bank ofSand, about two or three foot above water,

covering the Bay like a ftring to a Bow, the faid bank
in the Flemifli Road is about 1 50 foot wide, at the

Engli(h Road it is as broad again 5 there is never any
fenliblc ebbing or flowing of the Sea, only at full

Moons, or a day before. It rifeth in high Billows,

which break over the Bank, at the North end of the

Pond, where it is loweft : By which means the Pond
is replenifhed with water, which condenfcth into

Salt in two days.

The Sand dividing the faid* Pond and the Sefa is

very fine and loofe. Now becau(e the before-men-

tioned Rivulet difembogues far from the Roads at an

inconvenient place for Boats, they are conftrained to

dig Wells, in the midft of the bnnk of San:l, be-

tween the Pickle of the fait Pond and the Sea,

the manner thus : They firft dig a pit about eight

foot deep, and therein lay two Hogsheads, the

one on the top of the other, the head out of both lave

the lovvermoft of the deep^ft^ the fides of both

are alio full of Gimlet holes, and the (and laid

clofe to them : After twenty four hours they have

three or four foot of very clean water in them, which
being dipped out, you plainly fee the new water

ftrain gently through thole holes in the fides of the

Cask : After which, in a days time, one man attend-

ing it, may draw about ten Hogfheads or more of wa-

ter, a little tafting of Salt, not fo much but that it is

drinkable, and very fit to boyl meat in, and is utcd

by tho(e that come there to load Cattle, for their

E 3 common



common drink. I have in the Map placed the Sign

6 where our Well was made.

The next obfervations, pertinent to this fubje^t I

made at the Illand Lipari, near Sfcilj^^ about fixtecn

Leagues from Mcjjina ^ it is famous for the bcft Rai-

fins in the Miditerranean 5 there is on it a large Ca-
ftle, a fmall Town, many Vineyards, and about one
hundred Families, befides fome Religiofe I judge it

wants a fifth part of the bignefs of the Hie dc Mayo,
it is moftly very high Land, efpecially one Mountain,

on which ftands a Watch Tower , whence a man may
fee amonftrous diftanceatSea, as is confirmed by de

Rnjter, In the relation he gives the States of Holland^

wherein he tells them, that from that place they dif-

cerned the French Fleet's approach long before they

could from any other part, either of their own or

the other Illand. I am fure it is much higher than

either that at the Ille de Majo, or any I have feen in

Ettglatidy and yet oa this fair fruitful ifland (prings

not one drop of water, the Inhabitants ftoring them-
felves with rain, which falling very frequently, they

are careful to prefcrve in Cifterns, divers eflays have
been made in the moft promifing part of it to find

Springs by digging Wells, one of thofe which I faw
was without doubt the deepeft in Europe^ I remem-
ber not the exad profundity as they related it, but I

have not forgot, that throwing in a ftone it was
long ere it got to the bottom, and then returned

fuch a noife as it had been the difcharge of a

Mufquet.

The caufe of this drinefs was by the people
thought to be fubterranean heats, abfuming the water,
but no fuch thing appearing, to the fenfe of thofe

that digged the Wells, I gave no faith to that per-

fuafion i they fancy fuch heats partly from the want
of water, but moftly becaufe the four adjacent.

iQands, Stromboli^ Vulcano^ Vulcanella^ andM MtttA^
are cooftantly burning, and very near them.

The



The obvious earth of this place is loofe, and in all

apparent qualities very good, but by the heaps that

had been thrown up, in digging the Wells, I favv the

inferiour earth was clammy, or like clay, that had
fbme grea fie gummous matter commixed, This the

Religious told me was the very kind of Sulphur
which conftantly boyled out of the burning Cranny
on Fnlcanel/aj and wherewith all thofelflands abound-
ed, not excepting their own, though it were not yet

kindled.

For my third obfervation, I will go no farther than

the place of my prefent abode, PliMMonth^ in which
on a kind of Piazzj, commonly called the Nerv-I^y^

C a plat of ground got in from the Sea J is a Well,

which ( before the ever famous Sir frauds Drake by
cutting a Rivulet of thirty miles procured us water

in great plenty J was of common uft, having (as at

this day ) a Pump in it 5 about (Ivcn years fince ( be-

ing before the Key was ifilargcd ) the Well was not

above eight foot from the edge thereof, over which
the Sea would frequently flow, when a high out-

wind and a Spring Tide concurred^ I (ay this Well,

though fo near the Sea, yieldeth clean watcr^ and as

fweet as a mixture of three parts frcfh and one of falc

water would be. About an hundred yards from' that,
^

on ground a little rifing, is a very large Well, which
fupplieth three or four Brew-houics, by who(^ drink

it is evident that the water hath not wholly quitted

its fait. It is to be noted, that Plimmonthlkthona
Peninfula three miles loiig, and two broad, the Ifth-

mus about two thirds ot a mile wide, and not very

hi2;h from the furface of a full Sea. There are many
Weils in it, thofe near the Sea are faltifb, thofe far-

ther from itthelefi fo.

My fourth obllrvation I take from the late famous

French Traveller MonficurTdW//cr, who in hisfir/t

Volume, difcourfing of theCoafi: of Coromanclel^ &c.

.

he faith they there want freih water, and are con-

flrained .
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fVrained to make pits of two foot deep in thefand by
the Sea to find it.

The fifth obfervaiion, and which I would call the

moft fignificant, were I aflbred of its truth, I had
from a very ingenious Chirurgeon, who had ufed the

yVcJi hdiasy that there is in that Sea an Ifland called

Rotftnda, of a figure agreeable to its name, which,

though very fmall, hath on it, arifing in the middle,

a Spring of a very large ftream of water, at which
our Ships frequently furnifh themfelves in their Navi-

gation, he affirmed that it raineth there but once a

year, as at the Iflc ^/t Majio-^ faying withal, that the

Ifland is folhort of a proportion big enough for the

ftream, that if it conftandy rained, it could not be

fupply enough to maintain fo large an Efflux.

My fixth and laft, is the relation of Dr. Domtes
concerning Barhacioes, viz. that all their Springs were
formerly very near the Sea ^ that up in the Country
they fupplied themfclvcs from the rains by digging

pits in the earth, able to contain great quantities, and
therepreferving it5 which they did a very long time

C the rains being there as unfrequent as at the Ifle de

Mayo ) and that without any fenfible diminution by
penetrating and delcending into the earth j and to

prevent the lofs thereof by the exhalations of the

Sun they covered it with leaves, &c. but that now by
digging deeper they find Springs fo plenty that no
Plantation is without one.

From all thefe obfervations the following confedia-

ries do mechanically refult.

From the firft it appeareth that fome Springs have

manifeftly their fburce from the Sea^ that (and fwee-

tcns tran(colated Sea-water, and that even .pickle

ftrained through it lofeth much of its (altnels thereby,

all which is evident from the Well therein mentioned,

whofe water could not poffibly be other than what
loaked ia from the Pond ^nd the Ocean.

Hence
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Hence alfo is manifeft, that conftant and large

Fluxes of water may be made for eleventh months
without rain to refill the fubierranean Cifterns, fup-

pofcd by you to fupply them ^ this appears from the

River running through the Illand, by whofe banks

I found ( it being April when I was there, at which
time they had been ten months without rain) thfh

after their fhovversit could run but little larger that

it did after fo tedious a want of them. I had forgot

to intimate in the relation, that thofe two Hommcts,
A. are craggy Rocks, whereon live a great number
of Goals, and are confequently very unfit, if not

incapable, either to receive, or contain the Magazine
for the fupply of the Rivulet.

From the fecond ft is manifeft, that higher Moun-
tains of earth, and confequently more likely to re-

ceive and contain fufficient quantity of rain-water to

beget and fupply Springs and Rivers have not always

that effeiV, although there was one great advantage

more added here, v/z. a clammy tyte earth in the

bottom to make the fuppofed Ciftern the better able

to contain^the fl:ore. I fay, that frequent rain to fill,

high Mountains to contain, loofe pervious earth to

receive, and a well luted bottom to fupport and re-

tain ( being all the qualifications and circumftances

fuppofed neceffary to make and continue Springs ac-

cording to the modern Hypothefis ) though all here

concurred, did notwithftanding fail ofproducing that

etTedt.

From the fame it is alfo manifeft,that where Springs

fail, without want of the caufes thatHypothefis fup-

pofeth neceflary to produce them, the occafion hath

beenfroman apparent defed in the other (that is the

impervioufnefs of the earth through which the water

muftpafs before a Spring can be produced) both thefe

appeared at Lipary^ wherethe general efied a Spring

or fountain was wanting, together with the caufes

of our Hypothefis, though thofe of the other were
F manifeftly
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manifeftly exiflent, and with all the advantages nc-

ceflary : It fceming to me a very rational conjedure,

that the greafie clammy Sulphur, wherewith that

earth was impregnated, did by oppilating it hinder

the infinuation of the Sea into it.

From the third obfervation you have the firft de-

dudion confirmed, viz*. That Springs are Ibmetimcs

manitcftly from the Sea^ That earth Iweetcns Sea-wa-

ter by Percolation 5 And that the nearer Springs are

to the Sea, the more they retain of their priftine falt-

nefs, andlofe it by ,fenfible degrees, as they infinuate

farther through it.

By the fourth the fame is confirmed.

The fifth proveth, that large ftreams flow without

any poflibility of being fupplied by rain, both for

want of fuch rain, andof dimenfions to receive and
contain it.

The fixth doth evidence, that rain doth not pene-

trate the Surface of the earth, even in a very dry
parched Country, and in the Torrid Zone, and yet

that Springs are under it, which at once proves ours,

and refutes the other opinion 5 the former appears by
the water in thofe made Ponds, lying there for a

Jong time without any fenfible lofs thereofby its leak-

ing into the earth : The later by the Wells near the

Sea, and thofe found fince under that impervious

Land.
He that is not altogether a ftranger to the weight,

prelTure, and Elafticity of the air, the afcenfion of
liquors through Filters, and (bme other refembling

Phjenomena, would not account the like motion of

the tranlcolated water to high hills, to be an obje-

ction of any force againft this Hypothefis, but fure

fuch folutions are no lefs beyond my ability than
defign.

Finding I have Paper enough left, I will prefume
to trouble you with one rare appearance more, that

occuri;pd to one Mi'.^r^/gi of this Town, an aged

and .



and very fat man, who by taking Spirit of Vitriol

in his mornings draughts ( to which he was advifed

as a remedy to aflwage the exuberance of his belly J
found that it had no effedt on his body ^ but that a

bundle of Keys, which he ufed to carry always about

him, and that wonted to be very frnooth and bright,

of a fuddcn became black and rufty, though he ne-

ver handled the Spirit,nor carried it in his pocket, (b

that wc concurred in opinion that the fudorous Efflu-

via of his body, impregnated with the Acid Spirit, had
occaQoned it.

If fb. It's very wonderful, that fofmall a quantity

thereof, when diluted with Co much juice as is con-

tained in (iich a corpulent man, (hould even in fteara

and the inlenfible Emanations make imprelEons on
fmoothlron, maugcr the perpetual attrition, by car-

rying them in his Pocket, whereby fuch an effed

("one would think) fhould be prevented, or foon rub-

bed of.— I was going to make fbme reflections on
this notable accident, but I con(idcr,c^i:.

^

fames Young.
Plimmourh
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THE Original of Springs is that which hath ex*

ercifed the Pens of many learned Writers,

and very various Iiave been the eonjedures concern-

ning it. But amongfl all I have met with I conceive

none more probable than that which feemsto fetch its

original from , the Hiftory of the Creation mentioned

in Holy Writ ^ that is^ that there is a Magazine of
waters above as well as a Receptacle of waters upon
or beneath the Surface of the Earth : And that the

Air is that Firmament which feparatcs between the

upper and lower waters, and between thefe two is

the circulation of waters ( or bloud of the Micro-

cofm, .if I may fo call it J performed. The water be-

inp; fometimes by a particular conftitution of the Air

affifted by heat , ratified and fcparated into minuter

parts, and fo reduced into the form of Air, and
thereby being divided into Particles really fmaller

than thofeof theair incompafling, and agitated with
a greater degree of motion, they take up more fpace,

and fo become lighter than the Ambient, and are

thereby elevated and protruded upwards till they

come to their place of poifc or Equilibrium in the

Ain; At other times by a differing conftitution of
the Air and deficiency ^of heat they lofe their agitati-

on, and many of them again coalefce, and fo having

lefs motion they condenfc and revert into water, and
fo, being heavier than the incompafling Air, defcend

down again to the Earth in Mifts, Rain, Snow, HaiJ,

or the like.

That there is fuch a Circulation! think there is none
doubtSjbut ftill it remains a difficulty (with thofe per-

fonsthat grant this) that all Rivers and Springs fhould

havq their original from the water that falls or con-
dencesoutof theiAir.

To pcrfuadefuch perfonsit may not poflibly be un-
fuccefsful to mention ;

FirO-,
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Firfl:, That the great inundations or overflowing

of Kivers manifeftly proceed either from the Rain
that immediately falls,or from the melting of Snow or
Ice that hath formerly fallen on the more eminent parts
of Mountains , to confirm which, Hiftories enough
might be brought were it neceffary ofNtlus^Niger.Scc,

Secondly, That it hath been obfcrved and compu-
ted that commufjjbtfi annk lock'^ there falls water
enough from the Sky in adual flain,Snow, or Hail up-
on the Surface of England to fupply all the water that

runs back into the Sea by the Rivers, and alfo all that

may befuppofed to evaporate , nay,though the quan-
tity of the firft be fuppofed twice as much as really it

is. This I have been allured by thofc that have both
experimented and calculated it.

Thirdly, That there is not yet certainly f that I

know or have heard of) any other way of making
fait water frcfli, but by Diftillation, which, had there
been fuch an Art, it woijld in all probability have
been made ufe of, and fo there is little probability that

the Springs at the top of a high Hill Qiould proceed
from the Sea-water (trained through the earth. But
were there fuch a filtration known I hinted in my At-
tempt, publifhed anno 1660 about Filtration, how
(bmewhat of that kind might be explained.

Fourthly, That this Operation is conftantly and
moft certainly performed by Nature both in exhaling

and drawing up frefli fteams and vapours from the Sea,

and all moyft bodies, and in precipitating them down
again in Rain, Snow, Hail, but of the other we have
no certainty.

Fifthly, I have obfcrved in feveral places where a
Tree hath flood upon an high Hill, fingly and parti-

cularly at the brow of Box Hill ugslx D.irlqng in Sur-

ry^ that the body of the Tree is continually wet, and
at the root fbme quantity of water, which is always
foaking and gliding down from the Branches and bo-
dy of the Tree, the leaves, Iprigs, and branches of

F 5 the



the faid trees coUefVing and condenfing continually

the moyft part of the Air, the fame being indeed a

true and lively rcprcfentation of a River. Nor
has it been my obfervation alone, but the fame is

mentioned by divers Authors: And it is affirmed

by fome Authors, that there are fome Iflands in the

Torrid Zone which have no other water in them

than what is condenfed out of the Air by the Trees

at the tops of the Hills, and converted into drops of

Rain.

Sixthly, That it is generally obferved, whereever

there are high Hills there are generally many Springs

round about the bottoms of them of very frefh and

clear water, and often times (ome which rife very

near the tops of them, which feems to proceed from

their great elevation above the other plain fuperficial

parts of the earth, whereby the Air being daflied

and broken againft them, they help to condcnfc the

vapours that are elevated fnto the higher and cooler

Regions of the Air, and fo ferve likcFiltres to draw
down thole vapours fo condenfed, and convey them
into the Valleys beneath, And hence it is very ufual

in Countries where there are high Hills to (ee the tops

of them often covered with clouds and mifts, when
it is clear and dry weather beneath in the Valleys.

And in the paffing through thofe clouds on the top

I have very often found in them very thick mifts and
fmall rain, whereas as foon as I have defcended from
the higher into the lower parts of the Hills, none of
that mift or rain hath fallen there, though I could ftill

perceive the fame mifts to remain about the top. Con-
fonant to this Obfervation was one related to me by
an ingenious Gentleman Mr. G. T. who out of curi-

ofity with other Gentlemen whilft he lived in the

Ifland ofTcfteriffl one of the Canaries mc^de a journey

to the top of that prodigious high Mountain, called

the Pike, The fubftance of which ( to this purpole )
was, that the Caldcra or hollow Cavity, at the very

top
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top thereof he obferved to be very flabby and moy([>
and the earth to flip underneath his feet, being a very
moyft foft Clay or Lome like mortar. And farther,

that at a Cave, not far from the top, there was a
great quantity of very frefb water, which was con^

f
tinually fupplied, though great quantities of Ice were
continually fetch'd from thence, and carried down
into the Ifland for cooling their Wines. Confonant
to which Oblervation was that which was related to

me bv the Inq^uifitive Mr. Edmmd Hally made in

St. Helerta whilfl: he ftaycd there to obfcrve the places

of the Stars of the Southern Hemifphere, in order to

perfedt the Caleftial Globe. Having then placed

himfclfupon one of the higheft Prominences of that

fmall Ifland, which he found to be nolefs than 9000
foot Perpendicularly above the Surface of the Sea

next adjoyning, fuppofmg that might be the mofl

convenient place for his deligned obfervation , He
quickly found his expcdtation much deceived as to

thatpurpofe for which hechofe it^ for being gotten

fo high into the Air the motion of it was fo violent as

much to difturb his Inftruments^ but which was more,

he found fuch abundance of mi(h and moyfture that

' itunglucd the Tubes, and covered his GlalTes pre-

fently with a Dew 5 and which was yet more, the

foggsand milh almofl: continually hindred the fight

of the Stars. But upop removing to a lower ftation

in the Ifland he was freed from the former Incon-

veniences.

I could relate many Hiflories of this nature, where-

by it feems very probable, that not only Hills, but

Woods alfo, do very much contribute to thecon-

dcnGngof themoyfture of the Air, and converting

it into water, and thereby to fupply the Springs and
Rivulets with frefti water; And I am confident, who-
foever (hall conftder his own obfervation of this na-

ture, and compare them with this Theory, will find

many arguments to confirm it. However, NttUius in



L40]

«;fr^j. Let Truth only prevail, and Theories fia;nifie

no further than right reafoning from accurate Obfer-

vationsand Experiments doth confirm and agree with

them.
Having thus delivered here (bmewhat of my own

thoughts concerning Springs and Rivers, finding

among fome of my Papers a Relation, wherein a very

ftrange fubterraneous Ciftern is mentioned, I have

here fubjoyned it as I received it from Mr.Thom^
Alcock. from Brifiol who together with Sir Humphry

Hookew2LS by whilft Captain Samuel SturMj msidc this

inquiry, and who by interrogatories made to him,

penn'd this Relation tor him as it follows ver-

batim.

IN purfuance of His Majefties Commands to meat
the prefenting of my Mariners Magaz»ine^ I have

with much diligence, fome charge and peril endeavou-

red to difcover that great Concavity in the earth inG/<;-

cejlerjjjirc, four miles from Kirtgrodc^ where His Ma-
jefties great Ships ride in the 5t'z^er«. And I find by
experience that what has been reported of that place

is fabulous, whilft I thus delcribe it.

Upon the (econd of Jfdj 1669. I defcended by
Ropes affixt at the top of an old Lead Oare
Pit, four Fathoms almoft perpendicular, and from
thence three Fathoms more obliquely, between two
great Rocks, where I found the mouth of this (paci-

ous place, from which a Mine-man and my (elf

lowerd our felvcs by Ropes twenty five Fathoms per-
pendicular, into a very large place indeed, reiem-

bling to us the form of a Hor(e-(hoo 5 for we ftuck

lighted Candles all the way we went, to di(cover

what we could find remarkable 5 at length we came
to a River or great Water, which I found to be twenty
fathoms broad, and eight fathoms deep. The Mine-
man would have perfwaded me, that this River
Ebbed and Flowed, for that fome ten fathoms above

the
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the place we now were in we found the water had

f (bmetime ) been, but I proved the contrary by
(laying there from three hours Floud to two hours

Ebb, in which time we found no aheration of this

River ^ befidcs, it's waters were frefh, fwcet, and
cool, and the Surface of this water as it is now at

eight fathom deep, lies lower than the bottom of any
part of the Severn Sea near us, ft) that it can have no
community with it, and conlequently neither flux nor

reflux, but in Winter and Summer, as all Stagfta\

Lakes, and Loughs (which I take this to be^ has.

As we were walking by this River thirty two fa-

thoms under ground, we difcovered a great hollow-

nefs in a Rock Tome thirty foot above us, fo that I got

a Ladder down to us, and the Mine-man went up the

Ladder to that place, and walk'd into it about three-

fcore and ten paces, till he juft loft fight of me, and
from thence chearfully call'd to me, and told me, he

had found what he look'd for ( a rich Mine 5 ) but his

joy was prefently changed into amazement, and he re-

turned affrighted by the fight of an evil Spirit, which
we cannot perfwadehim but he (aw, and for that rea-

fon will go thither no more.

Here are abundance of ftrange places, the floor-

ing being a kind of a white ftone, Enameled with

Lead Oare, and the Pendent Rocks were glazed

with Salt-Peter which diftilled upon them from above,

and time had petrified.

After Ibme hours ftay there, we afcended without

much hurt, other than fcratchinc; our felves in divers

places by climing the fliarp Rocks, but four daysto-

firether after my return from thence I was troubled

withanunufualand violent Headach, which I impute

to my being in that Vault. This is a true account of

that place lo much talk't of, defcribcd by me

Smml Stumy.

G Having
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Having given you a Relation of foraething rery

low within the bowels ofthe Earth, I nowftialladd,

An account of a 'journey made to the hrghefi part of the
'

earMy my Irtgcfuuus Friend Mr.G. I. as I col/c^ed

it of/t of the Memrials vphich he writ at the time of

vtaking it j The particulars v^hercof mre^
^

THat Auguji the twentieth, 1 67^4.about Nine in the

morning, in company with Dr. Sehafiian de

Frattques^ WXhrijiopher Prancis^ Mx.Thomoi Prond-

foot^ together with a Guide, and two other men with

horfcs to carry themfelves and neceflary provifion for

the Journey, he fet out from

They palFed up a Hill, which was very fteep, till

they came to the Phtal or Wood of Pines. This

Wood lieth very high in thelfland, and extendeth it

fclffrom one end of the Ifland to the other, and is in

many places of a great Breadth, and is very frequent-

ly covered with a Brnma^ fog, or raift, which is (b

thick as to darken and hinder the appearance of the

Sun through it, and fo moyft as to make one wet in

paffing through it.

Through this Wood they rode by a pretty fteep

alcent near two Leagues, crofTing it till they came to

the further or (ide,where alighting they refted

themfelves under a Pine, and Dined. And the fog,

which had accompanied them through the whole

Wood, here left them, and the Sun appeared.

From hence they parted about one in the After-

noon, and after an afcentof about half a mile ofvery

bad ftony way they came to alandy way, which for

about the length of a League was pretty plain 5 but

then they began to afcend a (andy hill, which for half

a League farther was pretty fteep, which having

paflcd they arrived at the foot of the Pik§'

Here they alighted, and then refted themfelves

for fome time, then taking horfe again, they began

to ,
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to afcend the Pik^ it felf. This part of it was fo

fteep that the way up it is made by feveral turnings

and windings to and fro to eafe and alleviate the

ftecpncfs of the afcent, which were otherwife un-
pafTable for horfcs. All this part feems to be nothing
elfcbut burnt ftoncs and aflics, which may have for-

merly tumbled down from the higher parts ofthe 7^/4^.

At this place they alighted, and unloaded their

horfcs of the Provifion of Vidual and water which
they were forced to carry with them for their own
accommodation, as alfb of the Provender for their

horfes. And prcfcntly (et themlelves to provide
againft the inconveniences of the cnfuing night by
getting together in the firft place a good quantity of
the wood of a fmall flirub, called Retarftetf^x\ot much
unlike our Engl ifh Broom, which grows there pretty

plentifully, and when dry burns very well^ then, ha-

ving gotten wood enough, they endeavoured to (bel-

ter themlelvesagaind the piercing cold wind by heap-

ing up a wall of ftoncs on the windward fide, and
making a good fire of the dry (hrubs they had collccfl:-

cd to warm themfelves.

But fo furious was the wind which came pouring

down from each fide of the Mountain that it blew the

finoak and afties into their eyes, and forced them

( though much to their Regret by reafbn of the ex-

treme piercing coldnefs of the Air) to remove their

fire farther off. And to keep theiiiltlvcs as warm as

they could by lying down upon the ground very clofe

together. Thus they pafled the night together as

well as they could, but with very little flerp, partly

by realbn of the cold, and partly for the conrinaal

expedation they had ofthe moment when their Guide
would call them to be mounting up the Pike^ which is

ufually about two or three hours before day, to the

end that they may get up to the top beforr the

rifing of the Sun. For at the rifing of the Sun

the Air is the moft clear, and all the Illands of
G 2 the
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the Cdftarks round about may be then plainly difco-

vcrcd.

But at two a clock, when they fhould have been

oil their Journey, the wind continued to blow with

fuch violence, that their Guide would by no means

venter to go up for fear Icafl: in the climbing up (boie

fteep places the wind (hould encounter any of them,

and hurl them headlong down, fo that they were

forced to continue and flicker themfclvcs in their bad

Lodgings till the Sun arofe, and had got fome maftery

of the wind.

About fix a clock therefore they fet forwards on
their enterprifc, having firft taken each of them his

difli of Chocolatte to fortific their ftomachs the bet-

ter againft the cold, fo with their Bottle of Strong-

water in their Pockets, and Staves in their hands,

they began to mount the Pike^ the way being juft (lich

as they nad pafled the night before, but much more
fteep, and continued on till they came to the Mdl
pajSj or (iony way, which may be about half a mile

from the place where they lay 5 This (tony way lieth

upon a very fteep afcent, and is compounded ofabun-

dance of ftones which lie hollow and loofe, fome of

them of a vaft prodigious bignefs, and others ofthem
fmaller, in fucli manner as if they had been thrown
up there by fome Earthquake, as the Author con-

jedures with very great probability. In the clam-

bring up- thcfe ftones they took great care in placing

their ftepson fuch of them as were more firm for fear

of flipping or tumbling fo as to break their Legs or

Arms.

With this difficulty they afccnded till they came to

the Cave which he conjeciures to be about three quar-
ters of a mile diftant from the beginning of the fiony

. way.
At this Cave they found feveral pcrfons who were

come thither to get out Ice to carry down into the

Illand, fome of which were below in the Cave,

digging
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digging Ice which was very thick, others remained
above. They found the mouth of the Cave about
three yards high, and two yards broad 3 and being all

of them defirous to defcend into it, by a Rope faftned

about their bodies under their armpits they were all

one after another let down into it till they came to

let their feet upon the Ice, which is about fixtcen or
eighteen foot from the mouth.

The Cave is not very large, but full of water and
Ice, which at the time when they were there lay

about a foot under the Surface of the water, though
the men that ufually go thither fliid that at other
times they found the Ice above the water, which
makes many to fuppoCe that it ebbs and flows by means
of fomefecret entercourfethat it may have with the
Sea, they averring that they have fcen it emptying of
it (elf.

But thisGentleman fo foon as ever became down
fixt his eye upon a ftone that lay juft above the Su*-

perficiesof the water, and obfcrved very diligently

but could not in all thefpace that heftaid there,which

was halfan hour, find it either increafc or diminifb^

which makes him believe that the fulncfs or emptincfs

of the water may rather proceed from thofe thick

fogs and mifts which are generally on the top, and
which hinder the Pike from being (een (bmetimes for

twenty, thirty, nay, forty days together, except only
juft at therifing or fetting of the Sun, though at fome
other times it happens alio that the Air is clearer, and
the Pike may be (ecn perhaps for a month together.

From thefe mifts he conceives at fome times much
water may be colledled at the upper parts of the Piks-,

and foaking down may not only fupply, but increale

the water in the Cave, and confbnant to this Hypo^
thcfis he obferved whilft he was there, that there was
a continual gleeting and dropping of water infixor
feven places from the fides of the Cave, which drop*

pings he fuppolcs may be greater or lefs according as

G 3 thofc



[4^1
thofe fogs do more or kls cncoropafs it, or ftay about

it a longer or (horter time^ He judges alb that there

may be fome other more fecret ways both for the

conveying water into and out of the faid Cave than

thofe droppings, but fuppofes them to proceed from

the aforefaid fogs. Hence he concludes when the

Air is clear, and noneof thole fogs condenfed about

the Hill, the water in the Cave muft neceflarily de-

creafe. And that wich confirmed him the more in

this opinion was that when he came to the very top

of the Pik^^ he found the earth under him fo very

moyft, that it was like mud or morter, and might be

made into Pafte as by experiment he found which he

conjeftures could no ways be caufed by the wind or

clear Air, which is rather drying and confuming of
moiflure, but mufl: proceed from the fogs or mift?

which are above the very top of the Pike.

He further took notice in the Cave that upon the

fides and top thereofthere grew a fnow-white furring

like Saltpeter, which had a kind of faltifh tafte, fome

of which he gathered and brought back with him to

Effgland to have it examined.

After about half an hours (by in the Cave, which

they found warmer than without in the open Air,

they were all pulled up again, and proceeded forward

in their Journey by continuing to clamber up the ftony

way, which laftca till they c.^me to the foot of that

part of the Mountain which is called the Sugar-loaf,

by reafon that at a dirtance from the Illand it appears

of that lliape, as it doth alfo even when you are at it.

The diftance of this place from the Cave they judged

to be about half a mile, but the way much more
ftcep and afcending than the former part of the ftony

way, and extreme troublefom to pa(s, their feet fink-

ing and flipping down again almolt as much as they

could fkride upwards, Co that th^y concluded it the

moft painful of all ^ however, periifting in their en-

deavours, after many times refting themfclves, they



ained the top, which they conceive might be about
alfa mile higher.

The very top they found not plain, but very
Rocky and uneven, and in the middle thereof a deep
hole ^ the outfide of this top this Gentleman con-

ceived might be about a quarter of a mile round about
on the outfide.

This hole he conceived to be the mouth of a Fifl-

cano which hath formerly been in that place, for

even at that time whilO: they were there much
fmoak alcended out of (everal holes and chinks of
the Rocks, and the earth in divers parts was fhll fo

very hot as to be very offenfive to their feet through
their (hooes, and he obferved Brimflone thrown up
in feveral places, of which he colledled (bme, and
brought back with him to England,

From this place may be feen in a clear day all the

fix adjacent Klands, but the weather being then fomc-

what thick and hazy, they could difcover none but

the grand Canaries^ Palm^ and the Gomcra^ which
laft, though diftant near eight Leagues from the bot-

tom of the Pik€ Teemed yet fo near unto them as if it

had been almoft under them. The reft of the lilands

they could difcover whereabout they lay by means of
a kind of white cloud hanging on them, but they

could not difcernthelflands through thofc clouds.

Here they tried their Cordial Waters which they

carried in their Pockets, but found them not to abate

of their ufual ftrength, and become cold and infipid

as fair water, as feveral had pofitively averred to him
that they had found it, but he conceived them to be

very much of the fame nature and (Irengih that they

were of before they were carried up, which he fup-

pofes to be by rcafon of their arriving at the top fo

late.

After they had (Vayed on the top about an hour,

and (atibfied themfelves in oblei ving fuch things as

they were able, they dcfcendcd again with verv much
facility^.
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fecility, and came to the Stancia about eleven of the

clock, where they dined, and thence about one in the

Afternoon fet forwards for the ViUa^ where they ar-

rived that afternoon about five that Evening.

After their return they found their faces ( by rca-

fon of the heat of the Sun, and the parching fubtil

wind ) to caft their skins.

He did not meafure the Perpendicular height ofthe

Hill himfelf, but fays that he hath been informed by

divers skilful Seamen, ( who by their befl: obfervation

have taken the height of it) that it is between three

and four miles perpendicularly above the Sea.

I
this Relation it if very remarkable :

Firft, that this prodigious high Hill is the Produft

of an Earthquake, and feems heretofore to have been

a Vulcatio^ or burning Mountain, like thofe of Mtm^
Vefivius^ HecU, Sec, though at prcfent it hath only

fire enough left to fend forth fome fewfulphurcous

fumes, and to make the earth of the Caldera or hol-

low pit at the very top thereof in (bme places alnioft

hot enough to burn their fhooes that pafs over it. And
poflibly in fuccceding Ages even this little fire may be

quite ex tin(!i, and then no other fign thereof may be
left but a prodigioufly high Rock or Ipiring Moun-
tain, which in tradt oftime may by degrees wafte and
bediminidied into a Hill of a more moderate height. >;

Now as this Hill feems very evidently to be the

effedtof an Earthquake, fo I am apt to believe that

moft, if not all, other Hills of the world whatever

may have been the fame way generated. Nay, not

only all the Hills, but alfo the Land which appears

above the face of the waters. And for this I could

produce very many Hiftories and Arguments that

would make it feem very probable, but that I relcrve

them in the Ledlures which I read of thi« fubjed in

Grefljam Co\\c:dgc in the years 1564, and i65f,
which vWien I can have time to perufe 1 may pubiifh.

Therein
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Therein I made it probable chatnjon: Iflandshave

been thrown up by fome fubterrancous Eruptions.

Such is the Ifland of Afcenficti^ the I^loUtccas^ &c.
Secondly, that raoft part of the Surface of the

Earth hath been finccthc Creation changed in itspo-

fition and height in rcfped of the Sea, to wit, many
parts which are now dry Land, and lie above the Sea,
have been in former Ages covered with it ^ and
that many parts, which are now covered with the Sea,

were in former times dry Land. Mountains have
been funk into Plains, and Plains have been raifcd

into Mountains.

Of thefe by obfervations I have given inftances,

and (hewed that divers parts of Efigland have in for-

mer times been covered with the Sea, there being

found at this day in the moft Inland parts thereof fut-

ficient evidences to prove it, to wit. Shells of divers

forts of Fiflbes, many of which yet remain of the ani-

mal fubftance, though others be found petrified and
converted into ftone. Some of thefe are found raifed

to the tops of the higheft Mountains, others funk in-

to the bottoms of thedeepeft Mines and Wells, nay,

in the very bowels of the Mountains and Qiiarries of

Stone. I have added alfb divers other inftances to

prove the fame thing of other parts of Europe^ and
have manifefbtd, not only that the lower and plainer

parts iht reof have been under the Sea, but that even
the higheft Alpine and Pyrcnean Mountains have run

the fame fate. Many Inftances ofthe like nature I have
alfo met with in Relations and ob(ervations made in

the Baft as well as in the Weji Indies^

Of all which ftrange occurrences I can conceive no
caufe more probable than Earthquakes and fubterra-

ncous Eruptions which Hiftories do fufficiently affure

us have changed Sea into Land, and Land into Sea,

Vales into Mountains fometimes, into Lakes and
Abyfiesat other times ^ and the contrary— unlefs we
may be allowed to fuppofe that the water or fluid

H part
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part of the earth which covered the whole atfirft,

and afterward the greateft part thereof, might in ma-

ny Ages and long procefs of time be wafted, by being

firft raifed into the Atmo(phere in vapours, and thence

by the diurnal, but principally by the annual motion

thereof he loft into the dctkr^ or medium through

which itpalles, fomewhat like that wafting which I

have obferved to be in Comets, and have noted it in

my Cometa : Or unlefs we may be allowed to fuppofe

that this fluid part is wafted by the petrifadion and

fixation offuch parts of it as have fallen on the Land
and Hills, and never returned to fill up the meafureof

the Sea, out of which it was exhaled, for which ve-

ry much may be faid to make it probable that the

water of the earth is this way flaily diminiflied.

Or unlefs (fincewe are afcertained by obfervations

that the dirciTtion of the Axis of the earth is changed,
and grown nearer the Polar Star than formerly 3 that

theMagnetiIm<or Magnetical Poles arc varied, and do
daily move from the places where they lately were,
and that there are other great and noted changes ef-

fcdcd in the earth) we may be allowed to conceive

that the Centra! point of the attraftive or gravitating

power of the earth hath in long procefs of time been
changed and removed alio farther from us towards
our Antipodes, whence would follow a recefs

of the waters from thefe parts of the world to thofe,

and an appearance of many parts above the furfaceof

the water in the form of Iflands, and of other places

formerly above the Sea now in the form of Moun-
tains, fo to continue till by the libration or other-

ways returning motion thereof it repolFefs its former

(eat and place, and overwhelms again all thofe places

which in the i^ntcrim had been dry and uncovered with
the return of the fame water, fince nothing in nature

is found exempt from the ftate of change and cor-

ruption,.

Farther,
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Further, it is probable that Earthquakes may have

been much more frequent in former Ages than they

have been in thcfe latter, the confideration of whicn
will polhbly make this Affertion not Co Paradoxical as

at firft hearing it may feem to be 5 though even thcfe

latter Ages have not been wholly barren oflnftanccs

of the being and cffcdis of them, to convince you of
which I have hereunto fubjoyned a Relation and ac-

count of one very newly which hapned in the Ifle of
Palma among the Canaries.

Next, the clearnefs of the Air is very remarka-

ble, which made an Illand which lay eight Leagues
off to look as if it wereclofe by. To this purpofe

I have often taken notice of the great difference there

is between the Air very near the lower Surface of the
Earth, and that which is at a good diftance from it 5

That which is very near the earth being generally fo

thick and opacous that bodies cannot at any confidera-

ble diftance befeen diftindly through it : But the far-

ther the eyeandobjedl are elevated above this thick

Air, the more clear do the objeds appear. And I

have divers times taken notice that the fame ohje^
feen from the top and bottom of a high Tower hath

appeared twice as far offwhen feen at the bottom as

when feen at the top: For the Eyedoth very much
judge of the diftance of Objects according as the

Denfity of the Air between the Eye and Objed doth

rcprefent them. Hence I have feen men look of Gi-

gantick bigncfs in a fog, caufed by reafbn that the

Fog made the Eye judge theObjedl much farther off

than really it was, when at the fame time the vifible

Angle altered not. This great thicknefs of the lower

Air is fufficiently manifeft in the Cotleftial bodies, few

of the fixt Stars or fmaller Planets being vifible

till they are a confiderable way raifed above the ffc-

ri%on.

The third remark about the moiftnefs of the fogs,

and the production of water at that height I havebe-

H 2 fore



fore infilled on. Only the almoft continual fogs that

this Gentleman obferved in the Wood they paffed is

very remarkable for the origine of Springs.

Nor (hall I fay any thing concerning the vaft per-

pendicular height of the fame, but for a clofe of this

prefentcolledionlfhalladd the (hort account of the

Eruption which lately hapned in the Palma.

J true Relation of the Vulcanos TVfcicfc broke out m
the IJland of the Palma Noyemb. 13.1 677.

SAtnrday the thirteenth November 1677- a quar-

ter of an hour after SunTet hapned a (hakm^ or

Earthquake in the [Hand of St. Michael dc U Palma^

one of the Canary Illands, from the lower Pp cttNa^

and within a League of the City unto the Port of

Tapcorte, which is accounted thirteen Leagues diftant

nlong the CoafV, but more efpecially at of about a

place called Fucftcalientc, being feven Leagues from

the Town to the Southwards. The trembling of the

earth was obferved to be mote frequent and violent

than elfewhcre, and fo it continued till Wcclrrvfdaj

the 1 7. clJtto. The People thereabouts were much

affrit^htcd,for befides the Earthquake there was often

hear^ a thundring noife as in the bowels of the earth

on a Plain called the Car:ios, which isbefore you come

to the great defcent towards the Sea, where the hot

Baths (find, or the holy Fountain ^ likcwifc at the

afccnt from the aforefaid' Plain upwrtrds at the great

and wearifom Hill,called Cucfia Catjfada, and until the

Mountain Goatyards, and the fame day in and about

the faid places mentioned, the Earth began to open

feveral mouths, the greateft of them upon the faid

Goat Mountain, being diftant from the Sea a mile and

an half, and from the faid opening came forth a very

great
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reatheat and fmell ofBrimftonc 5 and the fame day,an
our before Sun-fet at one of the mouths ofthe wca*

rifom Hill was a trembling thereabout with more vio-

lence than any of the four days before, and a great and
black fmoak came forth with a terrible thundring noife,

opening a very wide mouth, and throwing out much
fire, with melted Rocks and ftones , and immediately
after at another place eighty paces below hapned the
like terrible noife and fight, and in lefs than a quarter
ofan hour after there opened to the quantity of eigh-
teen mouths towards the foot of the (aid Mountains
and there ilTued out firc,meltcd Rocks,and other bitu-

minous matter from all the faid mouths, and was pre-

(ently formed into a great River of fire,which took its

courfe over the firft mentioned Plain, (lowly going
down towards the faid holy Fountain 5 but it pleafed

Cod, being come withincight fpaccs of the Brink of
the laid great defcent, it turned a little on the right

fide, ana took its courfe with a very great fall to-

wards the old Port, which is that which was firil

entred by the Spaniards when they took the

IHands.

Fr/r/jjr the nineteenth at two a clock in the after-

noon in the aforefaid Mountain of Goats,on tlie other

(idc of T^lficorte, there opened another mouth
with much fmoak and floncs of fire, and fb clofed

again. But the next day (* the twentieth ) it began

again to fmoak, and continued with great trem-

bling and noi(c in the bowels of the Earth until

Sunday the twenty firfl at noon, when with many
fladiings of fire, and a greater thundring noife it

finifbed that opening of that monftrous birth, caft-

ing up into the Air both fire and fVones, and at night

the fmoak ceafing, the thundring noife, fire and ftones

increafed, forcing great fiery ftones fo high into the

Air as we loft fight of them, and with fuch violence

fent them upwards that according tothebeft judg-

ment they were five times longer in falling dowa,

H 3 which
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which ftones or Rocks were obferved to be bigger

than a HogQiead, , and what was moft to be admired

was, that thefe breaking in the Air, and changing into

many feveral (hapes, diftinftly appearing, yet not-

withftanding did reunite again in falling down.

Mnnclay the twenty fccond it began again to caft

forth black fmoak for two hours time, and after to

thunder,and throw up fire and ftones with great vio-

lence. Tmfday the twenty third at noon it fmoa-

kcd again, and from thence until night there was terri-

ble thundring noife, and cafting up of fire and ftones

more fierce than before ^ and about nine of the clock

at night a very great trembling of the earth was ielt,

and prcfently after followed three great ftones of fire

in the form of Globes which were forced about half a

League in height, and then like Granadoes broke in

the Air with very great noife. WedMcfday the twenty
fourth it was for an hours time very quiet, and
after it began with greater force than ever before,

by reafon that fome of the lower and firft mouths
were partly ftopt, with which the aforefaid R.iver

of fire ceafed from running, after it had dammed up
the Bay of the old Port, with burnt and melted

Rocks and Stones, and other matter wherewith the

(aid River had run, and had forced the Sea back-

ward above a Mufquet fhot at random,andnear twice

as much in breadth. It ran into the Sea above fixty

paces. What fell into the Sea went congealing with

a great fmoak, what came after, forced and ran

over that which went before, (b that the fmoak was
very great many paces within the Sea, as far as feven

fathoms depth, which caufed many men to imagine

that fome (uch like VmIcomo had opened under the

Sea in the faid feven fathoms depth. This night it

caft up fome ftones like great fiery Globes as the

former.

Thurfdajf the twenty fifth it proved yet more
violent than ever with thundring noife and flafliesof

fire.
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fire. Fndaj/ the twenty fixth, the mouth that w«s
at the foot of the Mountain began again to caft upas
much fire and ftones as ever, and formed two other
Rivers^the one taking its courfe to Leeward ofthe firft

River leading toward the Rocks called de lasTacofis ^

and the other took its way to windward ofthe firft, di-

re(5ily towards the Bathes or Holy Fountain 5 and in

this entrance the mouth of the Monntain was obfer-

ved to be more quiet
,
though it caft up much allies

like black fmall fand. What dammage appears to

have been done from its beginning to this day the
twenty fixth oi Novefuber, being of thirteen days con-
tinuance, hath been about, nine or ten Country
Houfcs burnt, befides Out-houfes, and great Cifterns

forwater, which are the poor Peoples only Remedy
in thofe parts, and upwards of three hundred Acres

of ground are quite fpoiled, being covered with
Rocks, Stones, and other Rubbifh and Sand ^ and
if, (which God defendj the faid Vttlcdfjo do longer

continue, the damage muft be far greater, cfpecially

if any other mouth fhould break out higher, as it is

much feared, by realbn the eanh in fome places doth
open with appearances as at firft, fo that all about that

circuit of the Fueftcalliente will be loft 5 and for what
already hapned, and yet conrtnues with much terrour,

befides the fears of more in other parts thereabout,

the Inhabitants do leave their Habitations, and like

poor diftreiled people (eck relief at the City, and

many leave the Ifland to feek their fortunes in the

others.

From the twenty fixth of November, that the afore-

faid Relation was fent for Teneriff by the Chamber of

this Ifland unto the General, the faid Vttlcatw con-

tinueth fierce and without ceafing, rather more
thanlels, with a terrible thundring noife, cafting up
Fire, Stones, Rocks, and black Allies, and the three

Rivers of Fire ftill running into the Sea, and hath
* now dammed up all the Baths and holy Fountain, to

the..
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•the great detriment of the llland, that yearly recei-

ved a great benefit thereby, befides many damages

dayly added to the former. Several other mouths

have fince opened in the like dfcadfiil manner near

about th. i I ne place, we fee the great fmoak by

day, and hear the thunder and n like the (hoot-

ing offof many Cannons, and by night fee aUo much
of the fire very high in the Air from this City, which

IS one and twenty miles from it.

We are now at the eleventh of December, and fear

we fhall have more to write to you by the next.

Other Letters ot the thirtieth ofDecember mention,

that it then continedmiichat one as before^ and fincc

others of the nineteenth of Jamarji fay, it is yet as

dreadful as ever, and little likelihood of ceafing
;

.from the thirteenth of November that it began to the

nineteenth of Jatruary is about ten Weeks that it hath

burnt, and the la ft Letters mention abundance of
Aihes '

' Mck Sand forced into the Air, and carried

,all over the llland, falling i,hiek like Rain, and fre-

quently gathered in the City, in the Streets, Houfcs,

and Gardens, though fcven" Leagues off.

FINIS.

Py^gt
to, Uni It. the oi;bcr, t'i\. the vibrating. /. 1 5* j,
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